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1. Introduction

Under direction from the U. S. Army Strategic Defense Command, the Computer Engineering

Research Laboratory at the Georgia institute of Technology and BDM Corporatior have
developed a real-time Focal Plane Array Seeker Scene Emulator. This unit enhances Georgia

Tech's capabilities in KEW system testing and performance demonstration.

1.1. History

As shown in Figure 1.1, the SDIO HWIL Simulation Structure (as presented by Dr. Clarence

Giese) contains three paths for exercising the Signal Processing and Data Processing algorithms

and hardware. Two of these methods use actual FPA hardware to generate signals for
presentation to the SP and DP sub-systems. In many cases, the use of an FPA might be

considered restrictive. The Georgia Tech Seeker Scene Emulator is designed to provide the third
path in this simulation structure. By emulating the FPA, the Georgia Tech SSE can provide test

results that would be costly or difficult to achieve using an actual FPA. The SSE can be used to
till in gaps in testing of components in stressing simulation scenarios, such as nuclear

environments and high object counts.

1.2. Objectives

The FPA Seeker Scene Emulator combines advanced hardware developed at Georgia Tech with a

BDM-generated database to produce signals based upon target radiometric information, seeker

optical characterization, FPA detector characterization, and simulated background environments.

Using real-time, positional updates, typically from the Georgia Tech Parallel Function Processor,
the Seeker Scene Emulator can combine elements of the pre-computed database to form an image

that is positionally and radiometrically correct.

1.3. Requirements

The Georgia Tech SSE is designed to accurately emulate FPAs with:

up to 128 x 128 detectors

rates up to 100 Hz

pixel-by-pixel non-uniform response

flexible A/D modeling, with up to 16 bits/pixel

fully diffracted optical images

complex environments, such as

nuclear redout

hundreds of objects

multiple color bands
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Final Report 2. Design Hardware

2.1. Host

2. Design Hardware

Real-time operation of the Seeker Scene Emulator is achieved by precomputing target and noise

data for a simulation, transferring this data to the Seeker Scene Emulator, and merging the target

and noise data to produce a correct image. This image can then be processed as if it were data

from an actual missile seeker sub-system.

Figure 2.1 shows a typical mission flight profile. For a given 6-degree-of-freedom (DOF)

simulation, the variance in target range will be quite small as changes in SP and DP algorithms

are evaluated. What can change significantly, however, is the frame-to-frame target line-of sight

(LOS). These properties are exploited in the design of the SSE. Precomputing of the target and

noise data relies upon the small variance in target range. However, the SSE must still

compensate for the LOS changes in real time.

The Seeker Scene Emulator database consists of two data structures, the Noise and Target Files,

which are combined in real time to form the Emulator output. The Noise File is generated at the

resolution of the simulated FPA, e.g. 128 x 128 elements. The Target File, however, is generated

at higher resolutions to provide sub-pixel resolution for alignment of the target image against the

noise image. Currently, 16 sub-pixels of target image are generated for each pixel of noise

image.

These data files are computed off-line using a 6-DOF simulation with "ideal" components

(Figure 2.2). When the same simulation is run real-time on the Georgia Tech PFP with hardware

emulation. LOS differences will emerge. The Seeker Scene Emulator accommodates these

differences by shifting the target data with respect to the noise data. Once the shifting has

occurred, the sub-pixel target data is combined with the noise data to produce an image at the

established resolution of the simulated focal plane array. At this point, a simulation of the

analog-to-digital conversion process transforms the image data to a specified word width and the

data is streamed out of the Seeker Scene Emulator (Figure 2.3).

2.1. Host

Currently, the Host for the Seeker Emulator is a PC-AT compatible system, with a removable

disk drive, a fixed disk drive, and a Transputer motherboard with module. The module consists

of a T8,0 Transputer and 8 megabytes of memory. This processor acts as the controller for the

system and the code for its operation is listed in Appendix A.

2.2. Processor Array

The FPA Seeker Scene Emulator (Figure 2.4) is a 256 processor system providing high

computing performance, 512 Megabytes of memory, and flexible inter-processor communication.

2
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2.3. Display 3
The current processing element is an Inmos T800 Transputer. The T800 is a 32/64 bit processor

with on-chip floating-point hardware and four high-speed, serial communication channels. The

processors are available on daughterboards which support 2 megabytes of dynamic RAM and

128 Kilobytes of static RAM. With the current design, real-time emulation of a 128 x 128 FPA

is possible at rates over 100 frames per second.

2.3. Display I
The host display uses a character-style menu that leads the user through input selections. The

SSE display, on the other hand, uses a high-speed graphical interface to display a visual 1
representation of both the raw, emulated FPA output and, optionally, processed Seeker data. The

display parameters are 640 x 480 pixels and a 90 Hz refresh rate. Three processors, each with 3
individual frame buffers, are responsible for updating the display image. One processor is

allocated to each of the two FPA data arrays and a third displays range, rate, and time

information. The unique design of the graphics system, based upon the Inmos B408 and B409 |
TRAM boards, allows all three processors to simultaneously display their results on the same

monitor. 3
2.4. Interfaces

In addition to those interfaces which are an integral part of the Host (referenced above) and Data
Storage (referenced below) sub-systems, there are two important Seeker Emulator Interfaces: the a
PFP interface and the Signal Processing interface.

2.4.1. PFP Interface

The PFP interface provides synchronized communication between the Seeker Emulator and the

Parallel Function Processor. Using an Inmos-standard TRAM form factor, the interface provides

4 Transputer links for communication with the Seeker Emulator and a Georgia Tech-standard I
PFP crossbar port.

The PFP interface is mounted in the Seeker Emulator occupying a Size 2 TRAM site. I
Physically, the board measures approximately 3" x 2" and uses a T212 (16-bit) Transputer. The

code for this processor is also given in Appendix A. 3
2.4.2. Signal Processing Interface

At the time of the writing of this document, the Signal Processing Interface had not been

cmnp spcji;_.cd. 7me devenlopmnt of this interface is under a different co)ntract an s
mentioned here for reference purposes. It can be assumed that the interface will support variaI 5
frame rates up to 100 ltz and FPA sizes up to 128 x 128 as these arc the specilied capabiiities of

the Seeker Emulator. 3
: I
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2.5. Data Storage

2.5. Data Storage

Storage of the extremely large data files needed for operation of the Seeker Emulator is provided
by an Exabyte 8mm tape drive mounted in a DEC MicroVax II Workstation. This system also
houses a Transputer-interface board provided by Caplin Cybernetics.

Before running the Seeker Emulator, the data must be loaded from tape. For a 169 frame

simulation, this can take over 20 minutes. The two routines 'senddata' and 'send34000' perform

the actual transfer from the mass storage through the Transputer interface and to the Seeker

Emulator. The 'send34000' routine is a modified version of the 'senddata' program that reads data
from the tape in blocks of 34000 bytes. This is a non-standard block size, but using such a large

block size greatly reduces the loading time.

I

b

I4
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3.1. ESSING {BDM manual) 5

3. Software Tools I
Most of the software associated with the SSE is actually incorporated into the run-time program

(see Appendix A). One of the important programs which is run off-line is ESSING. ESSING is 5
the target and noise data file generator written by BDM.

3.1. ESSING (BDM manual) I
Operation of the ESSING software is fully described in the ESSING USER'S MANUAL [1].

ESSING can be run on VAX-compatible systems and is available on the MicroVax 11 that is

attached to the Seeker Scene Emulator. The data files produced can be enormous, for example,

the target data file for a 169 frame simulation would occupy in excess of 175 megabytes. 3

5I

I
I
I
I

I
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4.1. Seeker Emulator Operation

4. Simulation Software

During real-time operation of the Seeker Scene Emulator, certain signal and object processing

operations can optionally be emulated by the Transputer array. These implementations may not

be as rigorous as those that are to be performed by custom VLSI chipsets, but they do test the

standalone operation of the SSE. The algorithms that are currently implemented are non-

uniformity compensation, thresholding, and hot-spot detection

4.1. Seeker Emulator Operation

The Occam source code shown in Appendix B is a single program that is executed by many

processors (over 200). The assignment of processes (see Figure 2.4) is static and a relationship

between the processors and procedures can be illustrated in a table.

Table 4.1: Processor Assignments

Processor Number Procedure Name Description

1000 Host Menu interface for user. Loads data files. Video

image storage.

0 Controller Responsible for sending commands to all

processes. Generates all timing signals.

Guidance Emulates a simple guidance procedure when the

PFP is not attached. Also handles communication

with the XBar process.

2 XBar This process executes on the GT-XBI module.

Comm inicates with the PFP Crossbar.

GTSEI Seeker Emulator Interconnect - this code controls

the switch network. The network is re-configured

for each frame depending on the actual LOS shift.

10-25 Background Receives target data, performs non-linearization

(up to 5th order) and adds noise data. Also

performs simulated analog/digital conversion.

6
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4.2. Algorithms I

30-45 TargetLead Shifts pointers to in-memory target data based

upon actual LOS shift. Streams data out to switch I
network for gross shift. Passes shift information to

other Lead Processors.

100-256 Target Shifts pointers to in-memory target data based

upon actual LOS shift. Streams data out to Lead i
__Tariget Processors.

500 SPController Manages messages to and from SP processes. 3
510-525 SignalProcessing Performs non-uniformity compensation.

thresholding, etc.

600-635 GrarphicsBuffer Reduces data flow from 8 links down to I link.

640-643 Formatter Organizes data for display. I
650-651 ImaqeDisplay This is the process that updates the screen disrlav. iI

652 TrackDisplay Show range, time, etc. on the Seeker Display.

Also show centroid of identified target.

660 B409 Process responsible for controlling the analog

circuitry of the Display modules. Sets screen

I width, height, palette, and timing.

I
4.2. Algorithms

4.2.1. Non-Uniformity Compensation a

The coding for the non-uniformity compensation is a complete implementation of the algorithm

as defined in [21. This process can be performed in parallel and thus can run real-time.

4.2.2. Thresholding

This version of thresholding does not implement all of the modes available to the GT VLSI

Thresholding chip. Spec-fically, adaptive thresholding is not attempted and adjusted

thresholding, while possible to do, is also not coded.

I
I
a
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1 4.3. TargetScene Tapes

4.2.3. Hot-Spot Detection

For testing of the real-time operation, no attempt is made at clustering, centroiding, and tracking

using the Transputer array. Instead a simple hot-spot detection is performed. This is sufficient if

the target data files have been constructed appropriately. Obviously, for those cases when the

target cannot be determined using this simplistic approach, other hardware approaches will be

used.

4.3. Target/Scene Tapes

As mentioned above, the data files produced by the ESSING software are very large and strain

the capacity of conventional mass storage devices. For this reason, the Seeker Scene Emulator

uses an 8mm tape system (Exabyte) that can support up 4 gigabytes on a single cartridge. The

tape drive is mounted in a MicroVax II, and data can be transferred to the SSE through a

Transputer interface that also resides in the MicroVax.

4.4. Performance

The Georgia Tech Seeker Scene Emulator realizes all of its targeted performance goals.

Emulation of a 128 x 128 FPA at frame rates of 100 Hz is possible. Additionally, the

architecture is such that these capabilities could be extended if necessary.

One limitation is the generation of the off-line data files. The ESSING software takes a

considerable amount of time (hours) even on high performance systems. We have investigated

the parallelization of the basic ESSING software, so that this overhead could be avoided.

Unfortunately, another bottleneck is the loading of the data files from tape. For a user to convert

from the testing of one scenario to another would take a minimum of 30 minutes.

Georgia Tech's proposal is to leverage the hardware investment that has been made in the current

SSE and to produce an Advanced Seeker Scene Emulator that would not need to have
voluminous data files generated off-line. Testing of multiple scenarios could then proceed at a

rapid pace. Working with BDM Corp. and Teledyne Brown Engineering, we feel that we have a

reasonable approach to a Seeker Scene Emulator that could surpass the functionality of the

hardware-software described in this document.

5. References

rL BDM Corporation, ESSING User's Manual, BDM/tTV-89-0796-TR, U. S. Army

Strategic Defense Command, Contract No.: DASG60-87-C-01 11, 5 December 19S9.

[21 Georgia Institute of Technology, Computer Engineering Research Laboratory. Signal

Processing Algortthms - Georgia Tech Benchmark. U. S. Army Strateg-ic Defense
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4.4. Performance I
Command, Contract No.: DASG6O-85-C-0041, Special Technical Report No. STR-

0142-90-008, 27 February 1990. I
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6. Appendices

6.1. Appendix A: Seeker Scene Emulator Publications

BDM Corporation, Signal Processing Concepts and Algorithms, BDMIHTV-89-0002-BR, U. S.

Army Strategic Defense Command, Contract No.: DASG60-85-C-0041, 12 January 1989.

BDM Corporation, ESSING User's Manual, BDMJHTV-89-0796-TR, U. S. Army Strategic

Defense Command, Contract No.: DASG60-87-C-01 11, 5 December 1989.

BDM Corporation, EXOSEEK Version 1.0: A Simulation of the LATS Seeker, U. S. Army

Strategic Defense Command, Contract No.: DASG60-87-C-01 11, 31 January 1990.

BDM Corporation, EXOSEEK Version 2.0: A Simulation of the LATS Seeker, U. S. Army
Strategic Defense Command, Contract No: DASG60_87-C-01 11, 15 May 1990.

Georgia Institute of Technology, Computer Engineering Research Laboratory, Macrostructure

Logic Arrays Volumes 1,-3, U. S. Army Strategic Defense Command, Contract No.: DASG60-

85-C-0041, 20 July 1989.

Georgia Institute of Technology, Computer Engineering Research Laboratory, Signal Processing
Algorithms - Georgia Tech Benchmark, U. S. Army Strategic Defense Command, Contract No.:

DASG60-85-C-0041, Special Technical Report No. STR-0142-90-008, 27 February 1990.

Teledyne Brown Engineering, GN&C Lab Seeker Emulator - An Assessment and
Recommendations, U. S. Army Strategic Defense Command, Contract No.: DASG60-87-C-0042,

May 1988.

6.2. Appendix B: Seeker Scene Emulator Operation Programs

6.2.1. Occam Source

6.2.1. l.Seeker Program File "seeker.pgm"
-- {{{ SC HostSeek
-- :::A 4 10
#USE "HostSeek.c~h"
--{{{F HostSeek
-- :::F hostseek.OCC

-- {{ SC Controller
-- :::A 4 12
#USE "controll.t8h"
--{i{{F Controller
-- :::F CONTROLL.OCC

--:::A 4 10

--4 ': ,quida n Ce.

I ()
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:F GUIDANCE.OCC5

-(f SC XBar
*:A 4 10

#USE "xbar.t2h"
--{{{F XBar
-::F XBAR.OCC

-I SeekerEmulator
#USE I'gtsei.t2h'I

-- ((( SC GTSEII

-- {({F gtsei.occ
* STSE1.OCC

#USE "backgrou.tgh"

-- fff SC Background
--::A 4 10

--({(F Background
:BACKGROIJ.OCC

#USE "target2.e.t8h"

--j(( SC TargetLeadI

-- J(fF TargetLead
-::F TARGETLE.OCC

#USE "target.t8h"

--(If SC TargetI

-(F Target
_ARGET.OCC

4USE "3pcontro.t8h"I
-- {i SC SPController

-: :A 4 10
-j(F SPController

-- :::F SPCONTP.0.OCCI

-- :A 4 10

-- L ' 21 - -

r,3 7 f r
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--::: 1 ISBU.

#USE "secondbu.t8h"
-- U SC SecondBuffer

:A 4 10
--(fF SecondBuffer
--i:::F SCNB.C

I #USE "formatte.rc8h"
-- (Uf SC Formatter
-::A 4 10
-- (F FormatterI--:::F FRAT.C

I #USE "irnagedis. c8h"
-- ((( SC ImageDisplay

--:A 4 1.0
--j(F imageDisplayI--:::F IAEI.C

I #USE 'trackdis.c8h"
-- ((f SC TrackDisplay
-::A 4 10I--f(HF TrackDisplay

-:::F TRACKDIS.OCC

I #USE "lb409stub.c2h"
-- ([{ SC B409.stub
-::A 4 10

-((fF B4O9stubI --:::F B0su.C

{{ configuration
-({ constants

VAL image.shift IS 9
((1HI--({ link definitions

VAL likot IS 0
'JAL linklout is
AL link2out IS 2

V'AL link3out IS 3
VAL link~in IS 4
V/AL iinklin IS 5
VAL link2in IS 6IVA:, iink3in IS

I ~N ANY Co-oir.TS TSEI.Ccntroller
C ;IN CF ANY Ccntrlier.SPC, SPC.Cortroiler

-:ANCF C C 3 3b a r CrcsstarlICAN AN"Y 1:uidance.X~ar,XF-ar.Guanc
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CHAN CF ANY Guidance.SPController, SPController.Guidance5
CHAN OF ANY SPController.Graphics, Graphics.SPController

[>16]([8] CHAN OF ANY Target.up, Target.down
[16] CHAN OF ANY Target.forward, Target.back
(16) CHAN OF ANY Target.GTSEI, GTSEI.BG

[17] CHAN OF ANY BG.forward, 8G.back
(16] CHAN OF ANY BG.SP
[16) CHAN OF ANY Graphics.SP, SP.Graphics
[17] CHAN OF ANY SP.forward, SP.back

19] CHAN CF ANY ExtractO, Extracti, Extract2, Extract3
[4] CHAN OF ANY Foratc.rard, :rpisoc I
[4] CHAN OF ANY Frahc.rard Gaics ~ bc
-- I}}
PLACED PAR

-- j f HostSeekerI
PROCESSOR 1000 T8
PLACE Host.Controller AT iink2out
PLACE Controiler.Host AT link2in
HostSeeker (Controller.Host, Host.Controller)

-ffControllerI
PROCESSOR 0 TS

PLACE Host.Controller AT linklin
PLACE GTSE:.Controller AT linkjin
PLACE BG.back[0] AT link~in
PLACE SPC.Controller AT link2in
PLACE Controller.5iost AT linklout
PLACE Controller.GTSE! AT link3out
PLACE BG.fforward[0] AT link0out
PLACE Controller.SPC AT link2outI

Controller( Host.Controller, Controller.Host,
GTSEI.Controller, Controlier.GTSEI,
BG.back[0], BG.forward[0],
SPC.Controller, Controller.SPC

-- V Guidance
PROCESSOR 1 T8

PLACE SPCcnoroller.Suidance AT linklin
PLACE X~ar.Guidance AT link~in
PLACE Guidance.XCorol AT linklout
PLACE Guidance.SP~nrole AT linklout

Guidance ( SController.Guidance, Guidance.SPController,
XBar.Guidaince, Guidance.XBarI

-M XBar
PROCESSOR 2 T23

PLACE Guilance.XBar AT linklin
PLACE XBar.Guidance AT linklout

M~ar( Guiciance.XMar, XWar.Guidance 3

07SE:
MWS 3 T2 - PLME :=r:!sr.TSE: AT lnkli

7LAZZ~~~i 1agmak21A ik
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PL ACE GTSEI.Ccntroller AT linklout
PLACE Target.forward[03 AT link2out
PLA7Z Crossbar0 AT link0out
PLACE Crossbarl AL' 1i..k3out

GTISEI ( Controller.GTSEI, GTSEI.Controller,
Target .back COl, Target .forwurd[0),
Crossbar0, Crossbar!.

-- If( Background
-7ACED PAR i = 0 FOR, 16

PROCESSOR 10+i T8

PLACE GTSEI.BGriI AT link3in
PLACE BG.for'ward[iJ1 AT li;nkli;n
PLACE BG.back[i'-2J AT link2jfl
PLACE BG.SPWi AT link0out
PLACE BG.back[.4] AT linklout
PLACE BG.forward[i-+1] AT 1ink2out

Background( GTSEI.BG[1JI, BGi.SP[1],
30. forward~i], BG.back [41,

-- i{j Target~ead
PLACED PAR 1 0 FOR 15

PROCESSOR 3 0+4 T8

PLACE Target-downii] EG] AT link2in
PLACE Target.forward[i] AT link~in
PLACE Target.back[i+11 AT link3in
PLACE Target.GTSEI~i] AT linklout
PLACE Target.up~iJ [0] AT link2out
PLACE Target.back(il AT link~out
PLACE Target.forwardri+l] AT linkjout

TargetLead( Target.down~i][01, Target.up[i][0],
Target . T-SEL' -41

Target.forwardil, Taraet.back~i],
Target.back[iJ+1], Target.forward [1 +1],

PROCESSOR 45 TB
VAL i 1S 15:

PLACE Target.clowni] EOI AT link2in
PLACE Target.forward,'i3 AT Link~in
PLACE BC forward[16] AT lank3in
PLACE Target. 3SEI.24 AT linklout
PLACE Target un[-fj ,0 AT link2out
PLACE Target cacki AT link0out
PLACE BG.b-ack ,6] AT Iink3out

TaraetLeaa( a 7~cni0 argjet.up[--iY0j, Taraet.OSTSEIfil
Tar'et. forwardri], Target .back[J],

3G. fo rwa rd1, BG.back[16j,

14
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PLACE Target.up~i]Lj-1] AT linklin
PLACE Target.down Li] [j] AT link2in
PLACE Target.down(iI Li-1] AT linklout

PLACE Target.up Li] [ii AT link2out

Target( Target.upti]j[-1], Target.down~ilj L-li,
Target.down~i]Lj], Target.up~i][-,J, i.. j

PLAE CnlrolersPC T inl
PLAj C Gu ieSr nrler A i

PLACE SPbcknrolerS AT linklin
PLACE SPC.CntrSPonzrie r AT linklout
PLACE SPnraoil.Guianler AT link~out
PLACE SP~bCknrolr.rphc AT link~out
PLACE SPC.forwrdol AT linklout

GuPac.ACEnrllr SPController.Giac AT Guidance,
GLC Potolrapi.phcsnt ATr Sinkotr1e.api

SP.back0L], SP.forward[0i

--M s?
PLACED PAR _ F OR 16

PROCESSOR 510+i4 T4

PLACE Graphics. SP Lii AT link3inI
PLACE SP.forward~i] AT linklin :
PLACE SP.backti-1i AT link21n :
PLACE SP.Graphics Li] AT Iink~out :
PLACE S2.back~i] AT linklout:
PLACE SP.forward'(i'+.] AT Iink2oLuc

SP( Graphics.SP~i], SP.Graphics[i],
SP.forwardriJ, SP.back~iJ,

SP.baC k-L Poradi1,I

-- ~ Grahic
-- fff Fizjt~uffer
PLACED PAR = 0 7OR 31

PROCESSOR 500*-i T3

PL-ACE7 3G.SP2 AT Li-nk3in
?LA CE E. a c i AT _'i nki 2U
PT ACE 3raphics.SP 41 AT link~out
PL'ACE E%.:ractJ>: AT llnklout

~~ s~: ,Gr~chi4c3.SP~j

Ex::rac'Yi+! , Extract.O~i], 1, iraqe.shnift
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3PLACE Extractlji+1] AT linklin
PLACE Graphics.SP[i+81 AT Iink~out
PLACE Extractlii] AT link2out

5 FirstButffer( BG.SP[i+8], Graphics.SP[i+8],
Extractl[i±21, Extractl[i], i, image.shift

--1 H
-- [{( SecondBuff'er

PLACED PAR i =0 FOR 8

PROCESSOR 620+i T8

PLACE SP.Graphics~i] AT link3in
PLACE Extract2ti*!11 AT link2in
PLACE Extract2[i] AT linklo'it3 Second~uffer( SP.Graphics ri],

Extract2[i+l], Extract2[i], i, I'mage.shift

£ PLACED PAR i = 0 FOR 8

PROCESSOR 628+iJ T8

PLACE SP.Graphics[i+83 AT link3in:
PLACE Extract3[i+lj AT linklin :
PLACE Extract3[i] AT link2out:

SecondBuffer ( SP .Graphics Ei+83,
Extract3(i+i], Extract3[il, i, image.shift

PROCESSOR 640 T8

PLACE Extract0[0) AT lirik~in
PLACE Format.Graphics [0] AT linklout

3 Formatter( ExtractO[0], Format.Graphics[0]

3 PRCESSOR 634: T8

PLACE Extractl[0] AT link~in
PLACE .Forr.nat.Graphi'cs[11 AT linklout

3 ~ma~Ex( SractL2Oj, Forrnat.Graphics[1j

5 PROCESSOR 6342 TS

PLACE Extrac'.2 tO AT linkC-4n
PLACE Forrnat.3raon4CS[2] AT Iinkl-cut

3 Trmrat!:er( Exrract2rCl, Format.Graphics[21

3 PRCCESSOP, 0343 78

PLACE Extract3[0] AT link~in

7- 7-,r37a, .crra 3 hC-r

S ii
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CHAN OF ANY tempi, temp2I
PLACE Forrnat.Graphics[03 AT linklin
PLACE Forrnat.Graphicsfl] AT link2in
PLACE Graphics.backfl] AT link3inI
PLACE Graphics.forwardt21 AT link~in
PLACE Graphics.fforward(l] AT link3out
PLACE Graphics~back[2] AT link0out

ImageDisplay( Format.Graphics(01, Format.Graphicsii,
Graphics.back~l], Graphics.forward~ll,
Graphics.forward[2J, Graphics.back[23, 0, 0G0

PROCESSOR 651 T8

PL-ACE Format.Graphics[2] AT link2in
PLACE Fortnat.Graphics[3] AT linklinI
PLACE Graphics.back[2] AT link3in
PLACE Graphics.forward[3] AT linkOi4n
PLACE Graphics.forwardf2] AT link3out

PLACE Graphics.back[33 AT link0out

7mageDisPl'ay( Fcrrnat.Graphics[21, Format.Graphics 31,
Graphi4cs.back[2], Graphics.f.orward[.2],
Graphics.forward[3], GraDhics.backf3], 1, 1000

-- Track~isclav
PROCESSOR 652 T8

PLACE SPController.Graphics AT linklin
PLACE Oraphics.back[0] AT link3in
PLACE Graphics.forwardri) AT link~in

PLACE Graphics.SPController AT linklout
PLACE Graphics.forward[O] AT link3out
PLACE Graphics.backU.I AT link0out

TrackDispiay( SPController.Graphics, Graphics.SPController,I

Graphics.back[0J, Graphics.fforward(01,
Graphics.fcrward[f2, Grachics.back[ll

-- (J{ B409I

PLACE Granhics.forward[Q' AT li-nkOin

PLACE Grapincs.back[0J AT 1linkOout

B409.stub( Graphics.fforward(O], Graphics.back O]

6.2.1.2. PROC B409 "09.occ'

P-ffsc09

["'ZLD "c r*:c . i

? C343 9 (CH-AN 'F CR70 comunand7.:%
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IVAL ChannelModeSelect.p IS #OO
--([{ ChannelA defs
VAL ChannelAPixelAddressW.p IS #0000:
VAL ChannelAColorValue.p IS #0400:IVAL ChannelAPixelMask.p IS #0800:
VAL ChannelAPixelAddressR.p IS #OCOO:

-{{ ChannelB defsIVAL ChannelBPixelAddressw.p IS #1000:
VAL ChannelBColorValue~p IS #1400:
VAL ChannelBPixelMask.p IS #1800:
VAL ChannelBPixelAddressR.p IS #lCOO:

-{{ ChannelC defs
VAL ChannelCPixelAddressw.p IS #2000:
VAL ChannelCColorValue.p IS #2400:IVAL ChannelC~ixelMask.p IS #2800:
VAL ChannelCPixelAddressR.p IS #2C00:
-- 1 1
VAL ParameterFIFO.p IS #AOOO:UVAL StatusRegister.p IS #AOOO:
VAL CommandFIFO.p IS #A002:
VAL FIFORead.p IS #A002:
-- H)lI -- fit{ hardware placements
TNT ChannelModeSelect
-- ((I ChannelA declarations
TNT ChannelAPixelAddressWI :NT ChannelAColorValue
TNT ChannelAPixelMask
TNT ChannelAPixelAddressR
-- H)1I -- [( ChannelB declarations
TNT ChannelBPixelAddressW
TNT ChannelBColorValue
TNT ChannelBPixelMaskI TNT ChannelBPixelAddressR
--Ill1
-- {{{ ChanneiC declarations
TNT ChannelCPixelAddressWI TNT ChannelCColorValue
TNT ChannelCPixel~ask
:NT ChannelCPixelAddressR
-- ~illI :NT ParameterFIFO
TNT StatusRegister
TNT ComxnandFIFO
7NT FIFOReadI--f(. ChannelA placements
?LACE ChannelAPixelAddressW AT (Channe7APixelAddressW.:D >< mlnt) >>

Pr.hf
PLACE Channe!AColorValue AT (ChanneiAColorValue.p >< 'Min:.i >>I hPw.S11ift
PLACE ChannelAPixelMask AT (ChannelAPixelMask.p >< mnint) >>

PLACE CharnnelAPJxeiAddressR AT (ChannelAPixeiAddressR.D >< mint:)

I ~ ~ ~ ~ ~ ~ ~ ~~~> >>~~f: 1I§fY~A C~rneBie~~esIS
?LA~~ Char~~eLBC:Lalie A~'T (hnePc~~~eo > ~W.sI
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PLACE ChannelBPixelMask AT (ChannelBPixelMask.p >< mint) >>
bpw.shift:

PLACE ChannelBPixelAddressR AT (ChannelBPixelAddressR.p >< mint) >>
bpw.shift

-{(ChanneiC placements
PLACE ChannelCPixelAddreSsW AT (ChannelCPixelAddressw1.p >< mint) >>

bpw.shift:
PLACE ChanneiCColorValue AT (ChannelCColorValue.p >< mint) >>I

PLACE ChannelCPi4xelMask AT (ChannelCPixelMask.p >< mint) >>
bow.shift:

bpw.shift

-- H)}

PLACE Channel'ModeSelect AT (ChannelModeSelect.p >< mint) >>
bpw.3hift :I

PLACE ParareterF!FO AT (ParameterFIFO.p >< mint) >

bow.shift:
PLACE StatusRegister AT (StatusRegister.p >< mint) >>

bp'.shift :U
PLACE CommandFlFO AT (CommandFlFO.n >< mint) >

c-Ow.shift
PLACE FIFORead A T (FTFORead.p >< mint) >>

bpw.shifft

-- f( CRTC commands

VAL CTRCReset I.
VAL CTRCBctrl IS (OD:

PRO seoou VAL INT channel, colour, red, green, blue
-- set up a colour in the G170 colour look up tableI
CASE channel

TNT channel.A

SEQ3
ChannelAPixelAddressW : 255 - (colour /\ FF)
ChannelAColorValue :=red
ChannelAColorValue:= green
ChannelAColorValue :=blue
--M

TNT channel.B

SE{

ChannelBPixelAddressW :=255 -(colour /\ 4FF)
ChannelBColorValue :=red
Channe!BColorValue:= green
Channel8ColorValue := blue

NT channel.C

Channe!CPixelAddressW :=255 -(colour # FF)
ChianneiCColor'.alue := red
ChannelC'_o1orValue:= green
ChannelC~clorValle :=blue

-- 1))c :,I1'a

nRC41 ePC N 'Wss A N:-aa
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SEQ
address :=data
time ? now
time ? AFTER (now PLUS 2)

-{{ init.G170
PROC init.G170 (VAL INT channel, table)

INT red, green, blue:
SEQ
ChannelAPixelMask :=#FF
IF

__-ff table 0
table '

VAL scale IS (0, 18, 36, 54]
VAL bias IS 9
SEQ
set.colour (channel, 0, 0, 0, 0) -- black
SEQ i = 1 FOR 255

INT ix
SEQ

blue scale[(i >4)/\3]
green :=scale[(i 2)/\31
red := scale[i/\31
IF

i >= #CO
blue := blue + bias

i >= #80
green :=green + bias

i >= #40
red := red + bias

TRUE
SKIP

CASE channel
-- M11 channel.A
±NT channel.A

SEQ
ChannelAColorValue :red
ChannelAColorValue :=green

ChannelAColorValue :=blue
__I
-- [(( channel.B
!NT channel.B

SEQ
ChannelB~olorVaiue :=red
ChannelBColorValue :green

ChannelBColorValue blue
-- I}II

--- {{{ channel.C
1NT cftannel.C

SEQ

-hanneICColcrValue :=red
Channe!CCciorValue :=green

ChanneICColcrValue :=blue

~~MENC-able 1
A 3 0

5 r~ c~
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blue :- I
SEQ i = 0 FOR 16

SEQ
red red + 4
green := green + 4 I
blue := blue + 4

set.colour (channel, i, red, green, blue)
--I II
--(H{ 16 - 32 red scale
red := -1
green := 0
blue 0
SEQ i 16 FOR 16 I

SEQ
red := red + 4
set.colour (channel, i, red, green, blue)

--}}}
--{{M 32 - 47 green scalered := 0
green := -1
blue 0
SEQ i 32 FOR 16

SEQ
green := green - 4
set.colour (channel, i, red, green, blue)

--1HI
-- {{{ 48 - 63 blue scale
red "= 3
green 0 U
blue :=-1
SEQ i = 48 FOR 16

SEQ
blue := blue + 4
set.colour (channel, i, red, green, blue)

-- }}}
--Hf 64 - 79 yellow scale
red -l I
green := -
blue 0
SEQ i = 64 FOR 16

SEQ I
red := red + 4
,green := green + 4
set.C073ur (channel, 1, red, qreen, blue1)

-- }}} I
-- { { 90 - 95 cyan scale
red := 0
green -

blue - I
SEQ i 1 0 FCR 1-6

green := green - 4
blue := blue 4 
set.colour (channel, i, red, green, blue)

96 - m i agenta scaLe
red -= -i I
green :

-, I
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-- }}1
-- {{{ 112 - 127 red & green scale with third blue
red := 63
green :=-1
blue 21
SEQ i = 112 FOR 16

SEQ
green := green + 4
set.colour (channel, i, red, green, blue)
red := red - 4

-- }}
--(({ 128 - 143 green & blue scale with third red
red := 21
green 63
blue -1
SEQ i = 128 FOR 16

SEQ
blue := blue + 4
set.colour (channel, i, red, green, blue)
green green - 4

-- }}
--{{{ 144 - 159 blue & redscale with third green
red := -!
green 21
blue 63
SEQ i = 144 FOR 16

SEQ
red := red + 4
set.colour (channel, i, red, green, blue)
blue := blue - 4

-- )H}
--{{( 160 - 175 red & green scale with two-thirds blue
red := 63
green :=-1
blue 42
SEQ i 160 FOR 16

SEQ
green := green + 4
set.colour (channel, i, red, green, blue)
red := red - 4

--II}
--{M( 176 - 191 green & blue scale with two-thirds red
red := 42
green := 63
blue -1
SEQ i 176 FOR 16

SEQ
blue := blue t 4
set.colour (channel, i, red, green, blue)
green :green - 4

-- {{{ 192 - 2C7 blue & red scale with two-thirls green
red : = -'
green 42
blue := 3SEQ i 1 FOR 16

red red 4

-- 223: n en sCale wi:h fll e
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blue := 63
SEQ i = 208 FOR 16

SEQ
green := green + 4
set.colour (channel, i, red, green, blue) I
red := red - 4

-- M}}
-- ({{ 224 - 239 green & blue scale wizh full red
red := 63
green =63
blue -1
SEQ i 224 FOR 16

SEQ I
blue := blue + 4
set.colour (channel, i, red, green, blue)
green green -4 

-- Ht} I
--{{{ 240 - 255 blue & red scale with full green
red := -i
green := 63
blue := 63 I
SEQ i 240 FOR 16

SEQ
red := red + 4
set.colour (channel, , red, green, blue) 1
blue := blue - 4

--}}) I
TRUE

SKiP

-- 1} }
-- ({{ {set.timing
PROC set.timing( VAL INT16 width, height, frame.frequency,

VAL INT32 line.frequency, pixel.clock,
VAL BOOL interlace

-- { { variables

:NT AW, HBP, HFP, HS:
INT horizontal.cells, flvback: I
TNT AL, SL, VF?, VS, VBP:

calculate horizontal timing
hcrizcntal.cells := 1NT((pixel.clock / line.frequency)>> 5)
AW (NT width) >> 5)

--:::A 0 I
AW > (hcrizontal.cells - 'orizontal.cells/5)) -- 80I

set '3o wi.de I
SKIP?

flyback =orizcntal.cells - AW

i27 -i? F

--, _' i~i -e ";o -i- 3--inr i-3

La
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* IF
(INT height) > 1024
AL 1024

TRUE

AL :=(INT height)
-- [(I COMMENT test numbers
-- ::A 0 0

IF({ test numbers

(INT AL) > (SL - (SL/5)) -- 80%
STOP -- Image is set too tall for frame rate

TRUE

SKIP

flyback :=SL - (INT height)IVFP 3
VS 3
VBP :=flyback - 6
_- H )II
-- ((I send video timing
writeCRTC (OommandFlFO, OTRCReset)

interlace
writeCROC(ParameterFlFO, #1B)

TRUE
wri-'teCRTC(ParameterFlFO, #12)

writeCRTC(ParameterFlFO, ((AW - 2) /\#FE))IwriteCRTC(ParameterFIFO, (HS - 1) \/((VS /\ 7) << 5))
writeCRTC(ParameterFlFO, ((VS /\ #18) >> 3) \/ ((HF? -1) << 2))
writeORTO(ParameterFIFO, (HBP -1) /\ #3F)
writeORTC(ParameterFIFO, VFP /\#3F)IwriteORTO(ParameterFIFO, AL /\ #FF)
writeORTO(ParameterFIFO, ((AL /\ #0300) >> 8) \/(vBP << 2))

-{{ unblank display & select mode
writeCRTO (CommandFlFO, OTRCBctrl)
ChannelModeSelect :

--I locals
IN716 width, height, frame.frequency:
!NT32 line.frequency, pixel.clock:I BOOL interlace, running:

:NTl6 channel, pixel, red, green, blue, table:

I -- {{{command interpreter
r,,irnnc: := TRUE

ni! .]z1
7

CC IN: c-arnne1 .A '3
-. 1 - . '. NT cnarnnel.B, D
i. .3173 INI ran'C

crtc._nit; widtlh; heighb: 1 -4ne-frequency;
frarre.frequency; pixe~l.clock; interlace

set.timing( width, height, frame.frequency,

TI

3 24
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crtc stop I
running FALSE

-- } } I

-- 111 3
-- I I I

3
I
U
3
I
I
I
U
I
I
I
I
U
I
3
I
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6.2.1.3. PROC B409.stub 'b4O9stub.occ"
PROC B409.stub ( CH-AN OF ANY in, out

#INCLUDE "crtc.inc"
#USE "graphics .lib"
B409( in
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6.2.1.4. PROC Background "back grou.occ'
PROC Background ( CHAN OF ANY frornTarget, toSP,

frorn~rev, toPrev, frorrNext, tcNex':*,
VAL TNT position

#.NCLUDME I's header.inc'
REAL32 g.scale:
--((( constants
VAL packet.iength IS 16
VAL num.Dackets IS (1-28 *8) / acket.length

VAL min.sicznal is 01
7A!, rrax.signal TIS 65535

-- rocessRow
PROC ?rocessRow ( [packet.length] TNT data,

[packet.iength) REAL32 back.row, gain.row,
off set .row)

11 REAL32 target RETYPES dataI
SEQ

SEQ i = 0 FOR Packet.length
NT digital

SEQI
digital := NT TRUNC( (((target[il + back.row[il)

gain.row[I"j) 4- cffset.row _ ) *~ca'

digital < min.signal
data Ci] := min.signal

digital > max.signal

data~i] max.signalI

data Ei] digital

?ROC ProcessFrame ( CHAN OF ANY in, out,
8',~ REAL32 Background, Gain, Offset 3

-I retype array to packet.lengthrumnacket3 Llpackec-egh EL2 .ocgon RETYPES
Inc rEL2ciakgon

,num packets] packet.l'engtnj REAL32 p.gain RETYPE')ai
rmum oackets, rpacket.lenath] REAL32 o.offset RETYPES Dffset

varianies
:N 4n.:ctr, ouc.ptr, process.pctr, t emp
13 ,7 mcacke.length' NT buffer

PLACE buffer IN WORKSPACE3

rf:DC'ess P r-I

-- A OE 5 L o

e 3 ea C s L3 rI
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j in ? buffer [1)
ProcessRow( buffertO), p.backgroundfl], p.gaintl], p.offset[l]

-- III}
-- [(( do middle rows
SEQ row = 1 FOR (num.packets-2)

PRI PAR
PAR

in ? buffer[in.ptr)
out ! buffer~out.ptr)

ProcessRow( buffer(process.ptr), p.background[rowl,
p.gain~rowl, p.offset~row)I temp :=out.ptr

out.ptr :=process.ptr
process.ptr :=in.ptr
in.ptr :=temp

p- ~ rocess last row
VLiIS nurn.packets - 1

out ! buffer~out.ptr)
ProcessRow( buffer~process.ptr], p.background(i],

p.gain[i), p.offset~i)

I -- (U output last row
out !buffer( process.ptr I

-{{ CalibrationFrame
PROC CalibrationFrame ( CHAN OF ANY out, VAL REAL32 1-vel,3 [(128) [8) REAL32 Gain, Offset

-- U retype array to packet.length
(num.packets) tpacket.length) REAL32 p.gain RETYPES Gain

I[num.packets) [packet .length) REAL32 p.offset RETYPES Offset

-- )I)1

-- ((( variablesI INT out.ptr:
[2) tpacket.length] INT buffer
PLACE buffer IN WORKSPACE:
[packet.length) REAL32 b.row
(pcetlngh IItIo
-pc-tInIhIITt~o
SEQ
out.ptr :=0
--(I( initialize
VAL INT i.level RETYPES level
SEQ i = 0 FOR packet.length

SEQIb.rowfij 0.0 (REAL32)
t.row~i] i.level

--H)1
--((( process first rowI SEQ
buffer(0) := t.row
ProcessRow( buffer[O], b.row, p.gain[l], p.offset~l1

_-H)I
-- ({{ do middle rows
SEQ row 1 FOR (num.packets-1)

SEQ
PRI PAR

3 28
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out ! buffer~out.ptr]3
SEQ
buffer(l-out.ptr] :=t.row
ProcessRow( buffer[1-out.ptrl, b.row,

p.gain~rowl, p.offset~row]

-IIoutput last rowtP
out ! buffer( out.ptr I

--{{{ SelectRow
PROC SelectRow ( (8] REAL32 dest, (128] REAL32 source

SEQ i = 0 FOR 8
dest[i] :=source[ (1*16) + position

--ff( variables
[max.frames] [128] [8] REAL32 BackgroundI
[128] [8] REAL32 Gain, Offset

BYTE length:
(max.message] TNT message
command IS message[0J
params IS [message FROM 1 FOR (max.message-1)]
[I REAL32 r.params RETYPES params

-- EII
__-{1( initialize last background frame
SEQ i = 0 FOR 128

SEQ j = 0 FOR 8I
Backgroundirnax.frames-1) El] EjJ 0.0008234782 (REAL32)

-- H)I
WHILE TRUE

SEQ
__-III get command and pass on
frornPrev ? length::message
IF

position < 15
toNext !length::message

TRUE
SKIP

CAS command
-- iff c.set.background
c .set .background

Gain, Offset)

Pro~jcssbame( romdrgetSBakrud prm[]

-- c.background.row
SelectRow( Background[ params[0] params(1] ], [r.params

FROM 2 FOR 128]
-- I II

--((( c.gain.rowI
c.ga in. row

SelectRow( Gain[ pararns[O] ], [r.params FROM 1 FOR 128]

--1)1e~ro
c.offset. row1

SeiectRow( Offset( params(C] ], [r.params FROM 1 FOR 128] 1

293
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__ -{({ c.global.scaie
c. global, scale
g.scale :=r.params(03

I --it Ic.test.backgrould
c.test .background

SEQ
SEQ i = 0 FOR 128I SEQ j = 0 FOR 8

VAL ccl IS (j << 4) + position
SEQ

Gain[i] (j] : 0.80008787 (REAL32) -

(REAL32)) ((REAL32 ROUND col) / 254.3456

OffsetEu[i[]: 0.0008723984 (REAL32) +
((REAL32 ROUND i) * 19.789 (REAL32))IBackground[max.frames-1] [ii - 0.0008234782

(REAL32)

-- ) I Iin~fam
-I(c.calibration.frame

CalibrationFrame( toSP, r.params[03, Gain, Off.

33
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6.2.1.5. PROC Controller "lcontroll .occ"1
PROC Controller ( CHAN OF ANY fromHost, toHost, fromGTSEI, toGTSEI,

frornBG, toBG, fromSP, toSP)5

PRI PAR
-- fit make processing a high priority process
#INCLUDE "s header.inc"
-- M{ variablesU
-- iff command variables
BYTE length:
[max.message) INT message
command IS message[0] :
params IS [message FROM 1 FOR (max.message-1)]
[REAL32 r.params RETYPES params

[max.sim.framesJ REAL32 frame.rate, frame.time, frame.range
(max.sim.frames) INT ticks:
(max.sim. frames] [p.length] REAL32 position3

INT frames.loaded, start, value -- temporary variables
INT current.frame, increment
INT offset, col, row
BOOL test~mode :
INT calibration.frame, nuxn.cal.frames
(10] REAL32 calibration.level
[10) INT sp.cal.level :

VAL seconds.per.tick IS 1.OE-6(REAL32)
TIMER clock:

-- ((I force some scalars in vector space
[3) INT frame.array:
sim.frame IS frame.array[0J
first.frame IS frame.array[1J
last.frame IS frame.array[2]:1

SEQ
-- (fM initializeI
current.frame :=max.frames - 1
increment 1
test.mode TRUE
calibration.frame :=10

WIETRUEI
SEQ

-- (ft get command
fromHost ? length::message

--(fft process command

__-tf( GTSEI and Target commands
(command >= 256) AND (command < 768)
toGTSEI !length::message

--))I I
-- ff1 Background commands
(command >= 768) AND (command < 1024)
toBG !length::message

-(f Guidance commands
(command >= 1280) AN1D (command < 1536)1
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5 toSP ! length::message
-- ))I)
-- I(( c.read.graphics
command = c.read.graphics

TNT bufLength:
TNT nuiber.of.transfers

tmaxGraphicBufferlBYTE graphicsBuffer
SEQ

toSP ! length: :message
fromSP ? number.of.transfers
toHost !number.of.transfers
SEQ i1 0 FOR number.of.transfersU SE~fromSP ? bufLength: :graphicsBuffer

toHost !bufLength: :graphicsBuffer

I -- {{{ c.frame.start
command = c.start.frame

SEQ
IF

params[03 < 0
SKIP

params(0I = 0
sim.frame :=params(l)I TRUE
sim.frame :=first.frame + params~lJ
-- Usim.frame :=MAX( 0, MIN( last.frame, sim.frame,

IF ifrm<0

sim.frame := 0
sim.frame > 0atfrm
sim.frame : iast.frame
TRUEmfae asfre

SKIP
--))}I
increment := params [2]
--calibration, frame := num.cal. frames
test.mode := FALSE

-{( c.run.single
command = c.run.single

SEQ
IF

calibration.frame < num.cal.frames
-- M( send calibration frame
SEQ

toBG ! BYTE 2; c.calibration.frame;

caibatonlve Fcaibaio, raetoSP ! BYTE 9; c.sp.frame; calibration.frane;
sp.cal.level[ calibration.frame I

0; 65535;

64.0 (REAL32) 0.O(REAL32); 0.O(R.EAL32); -1;

calibration.frame :- calibrationframe + 1

--IIMI sim.frame < first.frame
-- (U( send next non-FPA frame
SEQ

toSP !12(BYTE); c.guidance.run; 0; frame.ranue[

sim~frme 1;frame.timef sim.frame ]; 0; 0; position[
sim.frame
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si~raetoSP ! 6(YTE); c.display.info; 0; frame.range[3

frame.time[ sim.frame ]; 0; 0

IFtest .mode
frame.time[ sim.frame I frame.time[

sixn.frame I + (1.O(REAL32)I

sim~frme 1)frame rate[

sim.frarne < last.frame
sim.frame :=sim.frame + increment

TRUE

TRUE
--[ff send next FPA frame

current.frame :=sim.frame - first.frame

offset (( row /\ 3) << 2) + (col /\ 3)
toGTSEI BYTE 2; c.set.crossbar; (col >> 2) /\15
toGTSEI !BYTE 5; c.set.target; current.frame;

offset; (row >2); (Col> 2)
toBG BYTE 2; c.set.background; current.frameI
toSP BYTE 15; c.sp.frame; -1; 0; 2500; 65535;

frame.ranqe[ sim.frame 11;
frame.time( sim.frame )

current. frame+l; frame. rate[
sim~ram j;po34tiJonf sim.frameJ

IF
test .mode

-- if{ update statisticsI
SEQ

frame.time[ sim.frame I frame.time[
sim.frame I + (1.0(REAL32)/

sim.frame I) frame .rate U
frame.range[ sim.frame I frame.range(

sim.frame :I -

frame.rate( sim.frame I)(10000.0 (REAL32)I

sim.frame < last.frame
sim.frame :=sim.frame + increment

TRUE
SKIP

-- f( process any guidance commands
VAL delay.ticks is TNT ROUND (0.05 (REAL32)/

seconds.per.tick):
TNT time.now, interrupt.time

BOOL exit3

SEQ
clock ? time.now

interrupt.tine :=time.now + delay.ticks

exit :=FALSE
WHILE NOT exit

PRI ALT
clock ? AFTER interrupt.time

exit :=TRUE
fromSP ? command3
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--{{{ process command
CASE command

cc. shift. image
INT shift.col, shift.row
SEQ

fromSP ? shift,-o1; shift.row
col (col + shift-col) A\ 511
row (row + shift.row) /\ 511

ELSE
SKIP

--f c.run.continuous
command c.run.continuous

VAL delay.ticks IS INT ROUND( 5. OE-4 (REAL32)
seconds.per.tick)

INT last.start.time, next.start.time, interrupt.time
INT command:
BOOL running, exit
SEQ

__-(( check sending calibration frames
WHILE calibration.frame < num.cal.frames

--{(I send calibration frame
SEQ

toBG ! BYTE 2; c.calibration.frame;
calibration.level( calibration.frame I

toSP ! BYTE 9; c.sp.frame; calibration.frame:
sp.cal.level[ calibration.frame J; 0;

65535;
0.0(REAL32); 0.0(REAL32); -1;

64.0 (REAL32)
calibrationframe :=calibration.frane + 1

-{( initialize
clock ? last.start.time
interrupt.time last.start.time
next.start.time interrupt.time + delay.ticks

running :=TRUE
WHILE running

SEQ
__-({f send current frame
IF

sim.frame < first.frame
--f[( send next non-FPA frame
SEQ

__-({f wait for correct time
INT current.time:
VAL wait.ticks IS INT ROUND( 1.OE-4(REAL32)

/seconds.per.tick
SEQ

clock ? current.time
IF

(next.start.time MINUS current.time) >
wait. ticks

clock ? AFTER next.start.time
TRUE

SKIP

tosp 12(BYTE); c.guiclance.run; 0;
frarne.range[ sirn.frane J
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frame.timef sim.frame 3; 0; 0;I
poiin imfaeItosp 6(BYTE); c.display.info; 0;

fram~rage[sim~ram 1;frame.time[ sim.frarne 1; 0; 0

TRUEI
--ti .-cnd out FPA frame
SEQU

current.frame :=sim.frame - first.f--am-c

offset ((row /\ 3) << 2) + (col /\ 3)

toGTSEI BYTE 2; c.set.crossbar; (cal >> 2)
/\15

toGTSEI BYTE 5; c.set.target; current.frame;

o f f s t ; r o w > 2 ) ; ( c o > 2 - -- ( ( ( w a i t f o r c o r r e c t t i m e
INT current.time:

/seconds.per.tick VAL wait.ticks IS INT ROUND( 1.0E-4(REAL32)I

SEQ
clock ? current.time

IF(next.start.time MINUS current.ti-me) >
wait .ticks

clock ? AFTER next.start.time

TRUESKIPI
toG BYTE 2; c.set.backgraund; current.frameI

toSP !BYTE 15; c.sp.frame; -1; 0; 2500;
65535;

frame.range( sim.frame 1;

fram~tie( sm~famecurrent. frame+l; frame.rate(
sim.frame 3

-- position( sim.frame3

-{( move to next frame
IF
test .modeI

--((( update statistics
SEQ

frame-time[ sim.frame I frame.time[
sim.frame I + (1.0(REAL32) /rm~ae

sim.frame 1)
frame.range[ sim.frame I frame.range(

sim.frame j - I1000(EL2
frame.rate[ sim.frame 1)

--_1M
sim.frame < iast.frame

sim.frame :- sim.frame + increment
TRUE

SKIP3

--U update far next frame
iast.start.tizi7e :=next.start.time
--clack ? last-start.time3
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next.start.tine last.start.time PLUS ticks[
sim. frame

interrupt.time :=next.start.time MINUS delay.ticks

exit :=FALSE
WHILE NOT exit

PRI ALTI clock ? AFTER interrupt.tine
exit :=TRUE

from-ost ? command
-- {{{ process commandI CASE command

cc. shift .image
INT shift.col, shift.row
SEQI from-ost ? shift.col; shift.row

col (col + shift.coi) /\ 511
row (row + shift.row) IN511

cc .exitI SEQ
exit TRUE
running :=FALSE

ELSEI SKIP
fromSP ? command
--(t( process commandI CASE command

cc. shift. image
INT shift.col, shift.row
SEQI fromSP ? shift.col; shift.row

col :~(col + shift.coi) /\ 511
row (row + shift.row) /\ 511

ELSEI SKIP

-{fc.frame.rateI command = c.frame.rate
SEQ

start :=params[O)
frames.loaded :=pararusfi]I tframe.rate FROM start FOR frames.loaded)

(r.params FROM 2 FOP,
frames .loaded)

--)HII -- ((U c.frame.time
command = c.frame.time

SEQ
start :=params[O]
frames.loaded :=params(1)
(frame.time FROM start FOR frames.loaded]

(r.params FROM 2 FOR
frames .loaded)

-- M{{ c.frame.range
command = c.frarne.range

SEQ
start :=params[O]
frames.loaded :=paramstl]

tfrarre.ranqe FRCM start FOR frames.loaded]

40



Final Report

frms~ode][r.params FROM~ 2 FOR3

-- III

-- (I( c.sim.position
command = c.sim.position3

INT ptr
SEQ

value params tO)
strtme laed parms[l
start~oae := params[l]

ptr :=3

SEQ i = start FOR frames.loaded

positiontil (value) : r.params(ptrl
ptr :=ptr + 1I

-- ((( c.sim.start.frames
command = c.sim.start.frames

SEQ
fiast.frame params(l
fist.frame params(0)

IF

(first.frame + 1) < last.frame

SEQ i = 0 FOR last.frame
ticks(i] INT ROUND( (frame.timeti+l]

frametime~]) /seconds.per.tick

ticks( last.frame I]: ticks[ last.frarne-l
TRUE

SKIP

--I( c.test.controllerI
command = c.test.controller

SEQI
sim.frame :=first.frame + (max.frames -1
test.mode :=TRUE
row 0
col :=0I
ticks[ sim.frame I INT ROUND( ( .0(REAL32) /

64.0(REAL32))/
seconds .per. tick

frame.range( sim.frame I 100000.0 (REAL32)I
frame.time([ sim.frame, 0.0 (REAL32)
frame.rate( sim.frame J 64.0 (REAL32)

--((f c.restartI
command = c.restart

SEQ
calibration.frame :=0
test.mode :=FALSEI
sim.frame :=0

row 0
-col 03

-- {c.set.calibration
command = c.set.calibration

SEQ
FROM 0 FOR nurn c=lpframes)

[airtoleeFRM0FRnum.cal.frames prms0
[r.params FROM 1 FOR num.cal.framesj

[sp.cal.I'evel F'ROM 0 FOR num.cal.frames]
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[params FROM 1+num.cal.frames FOR
nui.cal. frames]

--1 H
--((I else SKIP
TRUE

SKIP

SKIP
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6.2.1.6. PROC Firstbuffer (Graphics Buffer) "firstbuf.occ"
PROC FirstBuffer ( CHAN OF ANY in, out, fromNext, toPrev,

VAL INT position, shift ) 3
-- { {{ variables

(2] [64] INT input.buffer
INT count
--1 11
-- ({I channels
CHAN OF ANY synchO, synchl, internal-- }} 

-- { Receiver
PROC Receiver ( CHAN OF ANY in, outO, outl, (2] (64] INT buffer

INT i
SEQ

i := 0
WHILE TRUE

SEQ
in ? buffer[i]
outo i
outi ! i: i :=1 - i 3

-- }}I

--{{{ Sender
PROC Sender ( CHAN OF ANY in, out, (2] [64] INT buffer ) 3

INT i
SEQ

WHILE TRUE
SEQI

in ? i
out ! buffer[i]

--I)}I}

-- {f {{Extractor
PROC Extractor ( CHAN OF ANY internal, in, out,

VAL INT count ) i

-- { { { variables
(2] [64] (2] BYTE buffer
INT output
-- 1 11)
SEQ

internal ? buffer(0]
output := 0
WHILE TRUE

SEQ
SEQ i = 0 FOR count

SEQ 3
PAR

out ! buffer[output]
in ? buffer[ 1-output

output := 1 - output
PARI

out ! buffer[output]
internal ? buffer[l-outout]

output := 1 - output

-- M
-({ Formatter
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PROC Formatter ( CHAN OF ANY synch, out,
[2] (64) INT input.buffer

-- { variables
[2][64] [4] BYTE b.in RETYPES input.buffer
[64] [2] BYTE buffer :
[64*2] BYTE bufferl RETYPES buffer
INT in.ptrI ~ --1 1)

SEQ
WHILE TRUE

SEQ
--(ft form message in buffer
SEQ

synch ? in.ptr

source IS input.buffer[in.ptr]
INT p
SEQ

p := 0
SEQ i = 0 FOR 64

INT store
SEQ

store := source[i] >> shift
-- {({ check for zeroing store
IF

store = 0
IF

I Isource[i] <> 0
store

TRUE
SKIP

I TRUE
SKIP

-- : B s
bufferl[p] := BYTE storebufferl[p+l] : BYTE store
p := p + 2

--}}}
out ! buffer

-- I I
SEQ

IF
position < 8

count 7 - position
TRUE

count 15 - position
PRI PAR

PAR
Receiver( in, synchO, synchl, input.buffer
Sender( synchO, out, input.buffer )
Extractor( internal, fromNext, toPrev, count

Formatter( synchl, internal, input.buffer
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I
6.2.1.7. PROC Formatter "formatte.occ"
PROC Formatter ( CHAN OF ANY in, out

-- {({ constants I
VAL buffer.size IS 64*16
-- }}I
-- {({ variables
[2] [buffer.size] BYTE input.buffer, output.buffer I
[8] INT store.offset
-- } 1
--{ ( channels
CHAN OF ANY synchO, synchl :
-- )I
-- {{ Receiver
PROC Receiver ( CHAN OF ANY in, out, [2] [buffer.size] BYTE buffer ) 3

INT i
SEQ

i := 0
WHILE TRUE

SEQ
in ? bufferfi]
out i iIi : 1 - i

-- 1 }
-- {(( Formatter
PROC Formatter ( CHAN OF ANY in, out, I

[2] [buffer.size] BYTE in.buffer, out.buffer

INT out.ptr, in.ptr
SEQ

out.ptr := 0
WHILE TRUE

SEQ
in ? in.ptr
-- ({{ format
[8] [64] [2) BYTE inb RETYPES in.buffer[in.ptr]
[64] [16] BYTE outb RETYPES out.buffer[out.ptr]
SEQ I

SEQ i = 0 FOR 8
source IS inb[i]
VAL start IS i << 1
MOVE2D( source, 0, 0, outb, start, 0, 2, 64 I

-- )
out ! out.ptr
out.ptr := 1 - out.ptr 3

--1 1

-- { {{ Sender
PROC Sender ( CHAN OF ANY in, out, [2] [buffer.size] BYTE buffer ) 3

INT i
SEQ
WHILE TRUE

SEQ
in ? i
out ! buffer[i]

-- I I
SEQ

WH-;LE TRUE 3
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I PRI PAR
PAR

Rect-iver( in, synchO, input.buffer)
Sender( synchi, out, output.buffer)

Formnatter( synchO, synchi, input.buffer, output.buffer
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6.2.1.8. Various graphics routines "g-ine.occ'
-- M( SC line

-::A 3 10
-(I lineI
--U libraries

#INCLUDE "g_header.inc"

-M{{ plotI
PROC plot ( VAL (]II NT window, UBYTE screen,

VAL TNT x, y, VAL BYTE color

-plots a single point on the screenI
-makes sure the pixels are actually in the window

VAL pixels.line IS window[ w.pixels.line
VAL size.x IS window[ w.size.x
VAL size.y IS window[ w.size.y
SEQ

IF
(x < 0) OR (y < 0) OR (x >= size.x) OR (y >= size.y)
SKIPI

TRUE
-- screen[ (y * pixels.line) + x I :=color

-- MU draw.line
PROC draw.line ( VAL (] TNT window, (] BYTE screen,

VAL TNT xl, y1, x2, y2,

VAL BYTE color

-{{ clip.line
PROC clip.line (VAL TNT xl, y1, x2, y2, TNT result, VAL [I TNT window)

-- decides whether a line is totally on or off screen/windowI
-- (U codes
VAL code.centre IS #0o :- 0000
VAL code.left IS #01 -- 0001
VAL code.right IS #02 :- 0010I
VAL code.bottom IS #04 :- 0100

VAL code.top IS #08 :- 1000
-- IiII
TNT codel, code2I
-- MU PROC check
PROC check (VAL TNT x, y, TNT code)

VAL x.max IS window[ w.size.x I
VAL y.max IS window[ w.size.y II
SEQ

IF
__-J(( x.min <= x < x.max
(x >= 0) AND (x < x.max)I
code :=code.centre

-- IHI
-- ((I x < x.min
x < 0I

code :=code.left
-- II I
--((( x > x.max
TRUE --x >= x.maxI

code :=code.right

IFI
__ JI( y.min =y < y.rnax
(y >= 0) AND (y < y.rnax)

SKip
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--11 y < y.min
y < 0

code :=code \/ code.top

-(f y >= y.max
TRUE --y > y.max

code :- code \/ code.bottom

SEQI check (xl, yl, codel)
check (x2, y2, code2)
IF

-- ((( line lies entirely within windowI (codel \/ code2) = 0
result :- in.range

-- _M
-- Mf line lies entirely outside window
(codel A\ code2) <> 0
result := perhapsng

-- M atalyi ido ehp

result := part.inrange

H{ slow.draw.line
PROC slow.draw.line ( VAL [] TNT window, [I BYTE screen,

VAL TNT xl, yl, x2, y2,U VAL BYTE colorI
-uses Bresenham's integer algorithm to calculate plotting points
-calls plot to draw actual pixels on the screen

VAL pixels.line IS window[w.pixels.line)
TNT dx, dy:
TNT two.dx, two.dy

TNT error
SEQIdx x2 - xl

dy y2 - yl
IF

(dx <> 0) OR (dy <> 0)I SEQ
--ffM a line to draw
IF

__ Mi dy = 0 -- horizontal line
dy = 0
SEQ i = xl FOR dx+I

plot (window, screen, i, yl, color)

-11 dx =0 -- vertical line

SEQ
IFI dy > 0

SEQ i = yl FOR dy + 1
plot (window, screen, -.I, i, color)

TRUE
17Q I = Y_' F'OF (-dy) + I
ploti (window, screen, Xl, i, color)

-I- <> 0 (1,. < > 0 -dijaqna 1 1ino

* 4S
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TRUE 3
INT x, y
INT delta.y
SEQ

x Xl 

3
y yl
two.dx := dx + dx
IF
--{ [ dy > 0
dy > 0

SEQ
two.dy := dy + dy
IF__-({I dy > dx

dy > dx
SEQ
error := two.dx - dy

--(( plot line
SEQ i - 0 FOR dy + 1

SEQ
plot (window, screen, x, y, color
IF

error >= 0
SEQ

error := error - two.dy

TRUE
SKIP

y y + 1
error := error + two.dx

--11}
--111

--(if dy <= dx
TRUE

SEQ
error := two.dy - dx

--(({ plot line
SEQ i - 0 FOR dx + 1

SEQ
plot (window, screen, x, y, colorIFI

error 
>= 0

SEQ
y :=y + 1y:RUElI

error := error -
two.dx

SKIP
x:= x +
error := error + two.dy

--Il
--11}

-- M{ dy < 0
TRUE

SEQ
dy := -dy
two.dy := dy + dy
IF
--(( dy > dx
dy > dx

SEQ
error := two.dx - dy
-- {{ plot line
SEQ i = 0 FOR dy + 3
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I SEQ
plot (window, screen, x, y, color)
IF
error >= 0

SEQ
x := x+l

error := error - two.dy
TRUE

SKIP
y y - 1

error := error + two.dxI --}}}
--({{ dy <= dx
TRUE

SEQ
error two.dy - dx
SEQ i= 0 FOR dx + 1

SEQ
plot (window, screen, x, y, color)

II error >= 0
SEQ
y y:= -

T error error - two.dx
TRUE

SKIP
X x + 1
error := error + two.dy

--- I }
--- )})

-- I I
TRUE

plot (window, screen, xl, yl, color)

I --}}}
-- {{{ fast.draw.line
PROC fast.draw.line (VAL E] INT window, [] BYTE screen,

VAL INT xl, yl, x2, y2 ,
VAL BYTE color)

-- uses Bresenham's integer algorithm to calculate plotting points
-- points are in increasing value- of x

and-- only called when the line iF nown to be on screen / in window

-- the current pixel size is one
INT dx, dy, two.dx, two.dy, delta.x, delta.y
INT error, pixel :
VAL pixels.line IS window( w.pixels.line]:
SEQ

dx :x2 - xl -- always zero or positive
dy y2 - yl
pixel := (yl * pixels.line) + xl

IF
(dx <> 0) OR (dy <> 0)
SEQS--ff a line to draw

IF
-- {{{ dy = 0 -- horizontal line
dy = 0

SEQ i = pixel FOR dx + 1

screen[iJ := color

I __} }5
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-- (H clx = 0 -- vertical line3
dIx = 0

SEQ
IF
dy > 0U

SEQ i = 0 FOR dy + 1
SEQ

screenipixel] :=color

TREpixel :=pixel + pixels.line
SEQ i = 0 FOR (-dy) + 1

SEQ
screen [pixel) : colorI
pixel :=pixel -pixels.line

-(fdx <>O0AND dy<> 0
TRUEU

SEQ
two.dx := x + dx

Idy > 0
delta.y :=pixels.line

TRUE
SEQI

dy :=-dy
delta.y :=-pixels.line

two.dy :=dy + dy

I--{{{ dy >dx
dy > dx

SEQ

error :=two.dx - dy

SEQ i = 0 FOR dy + 1
SEQ

screen(pixel) :- colorI
IF

error >= 0
SEQ

pixel pixel + 1I
error error - two.dy

TRUE
SKIP

pixel pixel + delta.y

--IIf dy<=
TRUEI

SEQ
error :=two.dy - dx
-- (If plot lineI
SEQ i = 0 FOR dx + 1

SEQ
screenfpixel] : color

Ierror >= 0
SEQ

pixel pixel + delta.y

TREerror error - two.dx

SK I?
oixe. :=ixel -~ I
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error error + two.dy
-- M}}

--- 11

TRUE

screen(pixel] := color1 --111

INT x3, y3, x4, y4
INT result
SEQ

H--{{ swap xl,yl with x2,y2 if xl > x2
IF

xl > x2
SEQ

x3 x2
y3 :=y2

x4 xl
y4 yl

TRUE
SEQ

x3 xl
y3 yl
x4 x2
y4 :=y2

-- I I

clip.line (x3, y3, x4, y4, result, window)
IF

(result = in.range)
fast.draw.line (window, screen, x3, y3, x4, y4, color)

(result = part.inrange) OR (result = in.range)
slow.draw.line (window, screen, x3, y3, x4, y4, color)

TRUE
SKIP

--I}}
-- draw.polyline
PROC draw.polyline ( VAL (I INT window, [] BYTE screen,

VAL ( [2]INT points, VAL BYTE color)

-- calls draw line to draw the lines
INT x, y
SEQ

x points(0] (0]
y points(0] [11
SEQ i = 1 FOR (SIZE points) - 1
VAL point IS points[i]
SEQ
draw.line( window, screen, x, y, point[0], point[l], color

x point[0]
y point(l]

-- I I
-- { {{ draw.rectangle
PROC draw.rectangle ( VAL [ INT window, [] BYTE screen,

VAL [2] [2]INT p, VAL BYTE color)

-- calls draw line to draw the lines
INT x, yI SE-Q
draw.line( window, screen, p[ 0 ] [0], p[0] [1], p[l] [0], p[01 [1], color
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draw.iine( window, screen, pEl) (0), pEOl (11, pH.) tO), PH-) El], color 3
draw.line( window, screen, pEl) [0), pH~) (1), pEOl (0], PH.) (1), color

draw.line( window, screen, pEOl [01, ptl] (1), p[O) [0), p[O) [0], color 3
-- I I I

-- 111 U
-- III

I
U
I
U
U
I
I
I
I
I
I
I
I
U
I
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6.2.1.9. Graphics system contrxol routines "g...system.occ"
(If{ SC system

-:::A 3 10

* -- {{{ system
-- fff libraries
#INCLUDE "crtc.inc"
#NCLUDE "g header.inc"

-{( set.colour
PROC set.colour ( CHAN OF CRTC message,

VAL INT channel, pixel, red, green, blue
-set up a colour in the G170 colour look up table

SEQ
message ! crtc.color; INT16 channel; INT16 pixel;

INT16 red; INT16 green; INT16 blue

IithIigt linefequnc, ramirte3 PROC set.timing( CHAN OF CRTC message,

pixel. clock,

ISEQ VLBO nelc
message crtc.init; INT16 width; INT16 height; INT32

line, frequency;
INT16 frame.rate; INT32 pixel.clock; interlace

Ie.B0
PROC set.B408( VAL INT DS, IE, EM, OE, R

-- (If system constants
VAL bpw.shift IS 2:
VAL mint IS MOSTNEG INT

VAL DisplayStart.address is (#00000000 >< mint) >> bpw.shift
VAL InterlaceEnable.address IS (#OOOCOOOO >< mint) >> bpw.shift
'JAL EventMode.address IS (#00100000 >< mint) >> bpw.shift
VAL OutputEnable.address IS (#00140000 >< mint) >> bpw.shift
VAL Ready.address IS (#00040000 >< mint) >> bpvt.shift

INT DisplayStart, InterlaceEnable, EventMode, OutputEnable, Ready

PLACE DisplayStart AT DisplayStart.address
PLACE InterlaceEnable AT InterlaceEnable.address
PLACE EventMode AT EventMode.addressIPLACE OutputEnable AT OutputEnable.address
PLACE Ready AT Ready.address
-- MI

SEQI DisplayStart :=DS
InterlaceEnable :=IE
EventMode :=EM
OutputEnable :=OE

Ready :=R

PP2;C init.G17k' (CHAN OF' CRTC message, VAL INT channel, table)

SE
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message ! crtc.initLUT; INT16 channel; INT16 table 3
-- 1}11

-- I{{{ clear.window
PROC clear.window (VAL [I INT window, [] BYTE screen)

VAL size.x IS window[ w.size.x I
VAL size.y IS window[ w.size.y I

VAL pixels.line IS window( w.pixels.line I
VAL b.color IS BYTE window[ w.background.color]:

INT ptr
SEQ

SEQ i = 0 FOR size.x
screen[i] := b.color

ptr := pixels.line
SEQi = 0 FOR size.y - 1

SEQI
[screen FROM ptr FOR size.x] (screen FROM 0 FOR size.x]
ptr ptr + pixels.line

5I

I
I
I
I,
I
I
I

55 I



Final Report

6.2.1.10. Graphics text routines figjext.occ"

.( text
#INCLUDE "lg__header.incl"

-(if FUNCTION GetINT
INT FUNCTION GetINT (VAL INT pointer, VAL t)INT table)I INT return:
VAL [] BYTE b.table RETYPES table:
VALOF

[4]BYTE return.b RETYPES return:I SEQ
return.b[0I b.table[pointerl
return.b~l] b.table~pointer + 1)
return.b[2J b.table~pointer + 2]
return.b[31 b.tabletpointer + 3]

RESULT return

((ff FUNCTION GetINTl6
INT16 FUNCTION GetINTl6 (VAL INT pointer, VAL (1INT table)

INT16 return:
VAL [] BYTE b.table RETYPES table:I VALOF

[2JBYTE return.b RETYPES return:
SEQ

return.b[OJ b.tablefpointerj
return.b(l) b.tablefpointer + 1]

RESULT return

~({ FUNCTION GetBYTE
BYTE FUNCTION GetBYTE (VAL INT pointer, VAL [1INT table)

BYTE return:
VAL [H BYTE b.table RETYPES tableI VALOF

SEQ
return :=b.tablefpointer]

RESULT return

PRO ge~on~sec VAL (]INT font, [fs.size] INT spec)

SEQ
spec( fs.PixWidth I INT (GetINTl6 (dfPixWidth.p, font))
spec( fs.PixHeight I INT (GetINTl6 (dfPixHeight.p, font))Ispec( fs.FirstChar 1 INT (GetBYTE (dfFirstChar.p, font))
spec[ fs.LastChar I INT (GetBYTE (dfLastChar.p, font))
spec[ fs.2itsOffset IGetINT (dfBitsOffset.p,font)

-- H scroll
PRCscroll ( VAL [] INT window, []BYTE screen,

VAL TNT jump.size)IO-- scrolls a screen or window by the required number of lines
(jump- size)
VAL size.x IS window[ w.size.x
VAL size.y IS window[ w.size.yIVAL pixels.line IS window[ w.pixels.1ine I
VALI b.color IS BYTE '4indcw[ w.background.color I3 1NT pl, p2

* 56



Final Report

(jump.size > 0) AND (jump.size < size.y)
--i{U scroll screen
SEQ

p1 := 0
p2 pixels.line * jump.size

SEQ i = 0 FOR (size.y - jump.size)
SEQ

[screen FROM pl FOR size.x] := [screen FROM p2 FOR size.xJ
pl := pl + pixels.line
p2 p2 + pixels.line

SEQ i = 0 FOR size.x
screen[ p1 + i I := b.color I

p2 := pl + pixels.line
SEQ i = 0 FOR (jump.size - 1)

SEQ
[screen FROM p2 FOR size.x] := [screen FROM pl FOR size.x]
p2 := p2 + pixels.line

-- }}]

jump.size > 0
-- {({ clear screen [
SEQ

SEQ i = 0 FOR size.x
screen( i ] := b.color I

p2 := pixels.line

SEQ i = 0 FOR (jump.size - 1)
SEQ

[screen FROM p2 FOR size.x] (screen FROM 0 FOR size.x]
p2 := p2 + pixels.line

-- }]]I

TRUE
SKIP

--1}1
-- {{{ draw.char v2.0
PROC draw.char ( [] INT window, (I BYTE screen,

VAL BYTE char,

VAL L] INT font, VAL [fs.size] INT spec

-- M{ constants
VAL mask IS 1 << 7
pixels.line IS window[ w.pixels.line I
size.x IS window[ w.size.x
size.y IS window[ w.size.y i
cursor.x IS window[ w.cursor.x

cursor.y IS window( w.cursor.y

VAL [I BYTE b.font RETYPES font
-- })
-- f{( variables
INT bit, pixel
INT bitmask ;
INT char.width, offset, PixWidthBytes
INT char.spacing
INT character
--}}I m
-- (M line feed2R C line.feed

SEQ
curser.y := curszr.y - specr fs.PixHeight I

(cursor.y - sPec.... ixHeiz-t ) < size.,3
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I SKIP
TRUE

INT scroll.lines
SEQ

scroll.lines :=(Spec[ fs.PixHeight I-(size.y -cursor.y))

cursor.y :=(size.y - Spec[ fs.PixHeight 1) - 1I -- scroll( window, screen, scroli.lines

SEQ
character :=INT char

Ichar = '*n
line.feed 0)

char = I*cII -- [( ( {carriage return
cursor.x :=0
-- H)}

(character >= Spec( fs.FirstChar 1) AND (character <= Spec[
fs.-LastChar])

SEQ
character :=character - spac( fs.FirstChar
--Iii set font dataIIF Spec[ fs.PixWidth ] <> 0 -- Fixed

Width
SEQ

PixWidthBytes (Spec[ fs.PixWidth J+ 7) >> 3
char.width Spec[ fs.PixWidth
offset (character * (PixWidthBytes *Spec[

fs.PixHeight M) +
Spec[ fs.BitsoffsetI

char.spacing :=char.width

TRUE
Variable Width

INT char.width.p, char.pointer.p

char.width.p CharTable.p + (Character << 2)
char.pointer.p char.width.p + 2
char.width INT(GetINT16(char.width.p, font))
offset INT(GetINT16(char.pointer.p, font))
PixWidthBytes (char.width + 7) >> 3
char.spacing char.width + 1

-- _1)1c ar t o iII(char width > size.x) OR (Spec[ fs.PixHeight > >iey

-- M{ hr o i

I ~--M room to draw charIOO delaved.crif

delayed.crlf :=FALSE11
-f{ room to draw whole char
((cursor.x + char.spacing) < size.x) AND

((cursor.y + Spec[ fs.PixHeight 3) < size.y)
SKIPI -- -{{{ room to draw but at end of line

((cursor.x + char.spacing) = size.x) AND1 ((cursor.y + Spec[ fs.PixHeight 1) < size.y)
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delayed.crlf := TRUE
-- })
-- {{( we need carriage return - line feed
TRUE

SEQ
cursor.x 0
line.feed ()

-- I) i
pixel := (cursor.y TIMES pixels.line) + cursor.x
-- {{{ plot foreground only

VAL f.color IS BYTE window[ w.foreground.color I
SEQSEQ I

SEQ i = 0 FOR spec[ fs.PixHeight
SEQ

--{ ( draw row
SEQ j - 0 FOR PixWidthBytes

SEQ
bitmask := mask

VAL this.byte IS INT b.font[

offset+((spec[fs.PixHeight) TIMES j) + i)
SEQ k = 0 FOR 8

SEQ
bit := this.byte /\ bitmask
IF

-- (i leave background as it is
bit - 0

SKIP
-- III
-- {{{ plot foreground bit
TRUE

screen[ pixel ] f.color
-- H) II

pixel := pixel + 1
bitmask := bitmask >> 1

-- 111
pixel (pixel - (PixWidthBytes<<3)) +

pixels. line

cursor.x := cursor.x + char.spacing
--I

delayed.crlf

--f(H we need carriage return - line feed
SEQ
cursor.x 0 I
line. feed (

-- }H
TRUE

SKIP

TRUESKIP I

--{{{ write.string v2.0

PROC write.string ( [ TNT window, [) BYTE screen,
VAL [] BYTE string, VAL [] TNT font

[fs.size] INT snec :

ses.fcnt.spec( f,:_, spec )

iraw.-har( w.n.ow, screen, sZ:rino , f-!, sec
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-- {{f string.width

PnOC string.width ( VAL [] INT font, VAL ] BYTE string, INT width

I [fs.size] INT spec
SEQ
get.font.spec( font, spec
width 0
SEQ i = 0 FOR SIZE string
--({{ add width for character[i]
INT character
SEQ

character := INT string(i]
IF

(character >= spec( fs.FirstChar )) AND (character <= spec[
fs.LastChar] )

SEQ
character := character - spec[ fs.FirstChar

-- { determine width from font
IF
I spec( fs.PixWidth ] <> 0

Fixed Width
width := width + spec[ fs.PixWidth

TRUEI Variable Width tINT char.width.p, char.pointer.p

SEQ
char.width.p CharTable.p + (character << 2)
width (width + 1) + (INT(GetINTl6(char.width.p,

font)))
-- I} }}

TRUE
SKIP

--II 1

I
I



Final ReportI

6.2. 1.11. GIF routines (save captured display images) 'gif.occ'
#INCLUDE "hostio.inc"
#USE "hostio.lib"

PROTOCOL message IS INT; INT

PROC Encode (CHAN OF SP fs, ts, VAL INT32 GIFFile,
VAL INT MaxColumn, MaxRow, BitsPerPixel,
VAL H]INT Palette, VAL []MJINT Pixels)I

-iiGIF Encoder
PROC Encoder (CHAN OF message out, VAL [] HINT pixels,

VAL INT bitsPerPixei)1

VAL max.table.size IS (1 << 13)
VAL pixel.rows IS (SIZE pixels)
-- Mi PROC Clear
PROC Clear (VAL INT bits.per-pixel, INT CodeSize, NextVali4dCode,I

MaxCode, (max.table.size] INT Child, Sibling)

SEQ
CodeSize :=bits.per.pixel + 1
NextValidCode :=(1 << bits.per.pixel) + 2
MaxCode 1= I«< (bits.per.pixel + 1)
SEQ I = 0 FOR max.table.si;ze

SEQI
Child [11 : 0

-- Sibling [I] :=0

-- (variable declarations
[max.table.size] INT child, sibling, shade
INT codeSize,' clearCode, endCode,

minCode, maxCode, nextValidCode,
color, son, parent, maxColor, pixCol, pixRow, pixelColurnnsMl

-- H1}

SEQ
maxColor :=(1 << bitsPerPi4xel) -1I

color :=0
--if f Initialize
SEQ i = 0 FOR max.table.si;ze

SEQI
child [i] : 0
sibling (i] : 0

codeSize :=bitsPerPixel +4 1
clearCode := 1 << bitsPerPixelI
endCode := ciearCode + 1
nextVal7idCode := endCode + 1
maxCode :=clearCode << 1

out !clearCode; codeSi-ze

(0 < pixel.rows)
{- t I

SEQ
zi-xelCclu.mnsMl :=SIZE pixels [0]

(I ixeCIirr-sMI)o::I
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pixRow 0
pixCol 1

TRUE
SEQ

pixRow 1
pixCol 0

TRUE
color := maxColor + 2

TRUE
color := maxColor + 2

parent := color
WHILE (color <= maxColor)
-- I([ Compress
SEQ

IF

(pixRow < pixel.rows)
--{f{
SEQ

color := pixels (pixRow] [pixCol]
IF(pixCol < pixelColumnsMl)

pixCol := pixCol + 1

TRUE
SEQ
pixRow pixRow + 1

pixCol 0

TRUE
color := maxColor + 2

son := child (parent]
IFI I~son <= 0

--([( Parent has no son

SEQ
child (parent] := nextValidCode
shade [nextValidCode] := color
out ! parent; codeSize
parent := color
nextValidCode := nextValidCode + 1

TRUE

--(( Otherwise
SEQ

IFshade [son] = color

parent := son -- make new parent
TRUE

--{{ son not right color
BOOL looping
INT brother
SEQ

brother son
looping TRUE
WHILE looping

SEQ

IFsibling [brother] > 0

--{( Brother has brother
SEQ

brother := sibling (brother]

1F
shadeb r clor
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looping FALSE 3
parent brother

TRUE
-- }}} SKIP 3

TRUE
-- [{( No brother, so create one
SEQ

looping := FALSE
sibling [brother] := nextValidCode
shade [nextValidCode] := color
Out ! parent; codeSize
parent := color n
nextValidCode nextValidCode + 1

--11}

-}}--}}} i
-- {(( Change code size if required
IF

nextValidCode > maxCode
IF ucodeSize 

< 12
SEQ

codeSize := codeSize + 1

TRUEmaxCode := maxCode << 1 i
SEQ

out ! clearCode; codeSize
Clear (bitsPerPixel, codeSize, nextValidCode, i

maxCode, child, sibling)

TRUE
SKIP i

-- }}}I

out endCode; codeSize

--I II}
-- f{f so.fwrite.INT16
--Writes 2-byte integer, LSB first
PROC so.fwrite.INTl6 (CHAN OF SP fs, ts, VAL INT32 StreamID,

VAL INT16 Value, BYTE Result)

VAL msb IS #FF00 (INTI6)
VAL Isb IS #00FF (INTI6)

BYTE Result2
VAL [2]BYTE array RETYPES Value

SEQ m
--so.fwrite.char (fs, ts, StreamID, BYTE (Value /\ isb), Result)
--so.fwrite.char (fs, ts, StreamiD, BYTE ((Value /, msb) >> 8),

Result2)
--Result := BYTE ((INT Result) \/ (INT Result2))
so.fwrite.string (fs, ts, StreamID, array, Result)

-- }} i

-{{ WriteBlcck1
PRCC WriteBlock (CHAN OF SP ft, ts, VAL INT32 StreamiD,

-C6 3YT7 buffer |
:N T Lr-.> written I

su f<r' ] : { '2 Le~t

.... " .... . .. . " i ,-- Y IM ? ? : , : : kU
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so.fwrite.string (fs, ts, StreamID,
[buffer FROM 0 FOR (Length+l)], Result)

Length := 0

--111

--(({ BlockByte
PROC BlockByte (CHAN OF SP fs, ts, VAL INT32 StreamID,

[255) BYTE Block, INT Index, VAL BYTE Data, BYTE
Result)

SEQ
Block [Index] := Data
Index := Index + 1
IF

Index = 255
WriteBlock (fs, ts, StreamID, Block, Index, Result)

TRUE
SKIP

-- I}})S--{{ Output process from Encoder
PROC Output (CHAN OF message FromEncoder, VAL INT32 GIFFile,

VAL INT MaxColumn, MaxRow, BitsPerPixel,

VAL []INT Palette
--({{ Constants

VAL byte.mask IS #FF (INT32)
VAL size.of.int IS 4 :
VAL colors IS (1 << BitsPerPixel)
VAL max.byte IS 40
VAL depth IS 2
VAL max.gray IS (1 << BitsPerPixel)
VAL ppw IS ((size.of.int * 8) / BitsPerPixel)
VAL wpsl IS (MaxColumn / ppw)
VAL red IS 0:

VAL green IS 1
VAL blue IS 2:

VAL gif.signature IS "GIF87a"
VAL global.color.map IS #80
VAL color.res IS ((depth - 1) << 4)
VAL bits IS (itsPerPixel + 1):
VAL screen.height IS (INT6 MaxRow) 1
VAL screen.left IS 0 (INTI6):

VAL screen.top IS 0 (INTI6)
VAL screen.width IS (INTl6 MaxColumn)
VAL screen.descriptor IS

(BYTE ((global.color.map \/ color.res) \/
(BitsPerPixel - 1)))

VAL background IS 0 (BYTE) :
VAL endCode IS ((I << BitsPerPixel) + 1)

-- }}I

BYTE Result:
INT CodeSize, OutByte, Shift, Value
INT32 Out :
[3] BYTE ColorValue
[255] BYTE OutBlock

CutByte := 0
-- { I GIF Si7n,1ture
so.fwrite.st:ing._ (fs, ts, g3I Ti e, gif.signature, Result)

creen D'cr r
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so.fwrite.INT16 (ifs, ts, GIFFile, screen.width, Result)3
so.fwrite.INTl6 (ifs, ts, GIFFile, screen.height, Result)
so.fwrite.char (ifs, ts, GIFFile, screen.descriptor, Result)
so.fwrite.char (ifs, ts, GIFFile, background, Result)

so.fwrite.char (fs, ts, GIFFile, 0 (BYTE), Result)

-{(Global Color Map
VAL PaletteColors IS (SIZE Palette)

SEQ I = 0 FOR colors

IF
(I < PaletteColors)
SEQI

ColorValue [blue]
(BYTE ((1NT32 Palette (I]) /\ byte-mask))

ColorValue [green] :
(BYTE (((INT32 Palette [I]) >> 8) /\ byte.mask))I

ColorValue (red] :
(BYTE (((NT32 Palette (ID) >> 16) /\ byte.mask))

TRUE
SEQI

ColorValue [blue] :=0 (BYTE)
ColorValue (green] :-0 (BYTE)
ColorValue [red] :=0 (BYTE)

S Oso.fwrite.char (ifs, ts, GIFFile, ColorValue (J], Result)

-{( Image Descriptor
so.ifwrite.char (ifs, ts, GIFFile, 1, ', Result)
so.ifwrite.INT16 (ifs, ts, GIFFile, screen.left, Result)
so.fwrite.INTl6 (ifs, ts, GIFFile, screen.top, Result)
so.ifwrite.INTl6 (ifs, ts, GIFFile, screen.width, Result)I
so.ifwrite.INTl6 (ifs, ts, GIFFile, screen.height, Result)
so.ifwrite.char (ifs, ts, GIFFile, 0 (BYTE), Result)
-- MII
-- ( Raster Data
--First byte is bits per image pixel
so.ifwrite.char (ifs, ts, GIFFile, BYTE BitsPerPixel, Result)
-- {f{ Get first code
FromEncoder ? Value; CodeSizeI
Shift :=CodeSize
Out := (INT32 Value)
-11I)
-- {{{ Accept and package codes until end of imageU
WHILE (Value <> endCode)

SEQ
-- HJf Write any finished bytes
WHILE (Shift > 8)I

SEQ
BlockByte (fs, ts, GIFFile, OutBlock, Out~yte,

BYTE (Out /\ byte.mask), Result)

Out := Out >> 8

-- WI
--(f Add next code

F'rorEncoder ?Value ; Code'izeI
Out out \/ ((NT32 Value) << Shift)
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I BlockByte (ifs, ts, GIFFile, OutBlock, OutByte,

Out : Out>> 8BYTE (Out /\ byte.mask), Result)

Shift :=Shift - 8I IF
OutByte <> 0

WriteBlock (ifs, ts, GIFFile, OutBlock, OutByte, Result)
TRUE

SKIP

--Raster data terminates with 0-byte block
WriteBlock (ifs, ts, GIFFile, OutBlock, OutByte, Result)

-- M)
-- MU GIF Terminator
so.fwrite.char (ifs, ts, GIFFile, 1;1, Result)

CH-AN OF message EncoderToOutput
PAR

Encoder (Pixels, EncoderToOutput, BitsPerPixel)
Output (EncoderToOutput, GIFFile,

MaxColumn, MaxRow, BitsPerPixel, Palette)

I6
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6.2.1.12. Alternative GIF routines "gifO2.occ"
#INCLUDE "host lo.iflC"
#USE "hostia. lib"3

PROC Encode (CHAN OF SP fs, ts, VAL INT32 GIFFile,
VAL TNT MaxColumn, MaxRow, BitsPer~ixel,
VAL HJINT Palette, VAL H H]INT Pixels)

-{( GIF Encoder
PROC Encoder (CHAN OF TNT in, out, CH-AN OF TNT size, VAL TNT

bitsPerPixel)

-- I(( putCode
PROC putCode (CHAN OF TNT out, VAL TNT value)

out !value

VAL max.table.size IS (1 << 13)

--{{{ ClearI
PROC Clear (VAL TNT bits.per.pixel, TNT CodeSize, NextValidCcde,

SEQ MaxCode, [max.table.sizeJ NT Child, Sibling)

CodeSize :=bits.per.pixel + 1
NextValidCode :=(l << bits.per.pixel) + 2
MaxCode :=1 << (bits.per.pixel + 1)
SEQ I = 0 FOR max.table.sizeI

SEQ
Child (I] : 0
Sibling [1) : 01

(max.table.sizel TNT child, sibling, shade
TNT codeSize, clearCode, endCode,

minCode, maxCode, nextValidCode,

SQcolor, son, parent, maxColor:

maxColor :=(I << bitsPerPi4xel) - 1
color :=0

--[(I InitializeI
SEQ

SEQ i = 0 FOR rax.table.size
SEQ

child [i] :0 0
sibling [i] : 0

codeSi'ze :=bitsPerpiXel 4 - I

cl'earCode :=1 << bitsPerPixel
endCode := clearCode + 1I
nextValidCode :=endCode + 1
maxCocie :=clearCzde << 1

size 7'dSz:

I ni;'



Final Report

i--f Compress
SEQ

in ? color
son :- child [parent]
IF

son <= 0
--({I Parent has no son
SEQ

child [parent] := nextValidCode
shade [nextValidCode] := color

putCode (out, parent)
size ! codeSize
parent := color
nextValidCode := nextValidCode + I

--11}
TRUE

--({( Otherwise
SEQ

IF
shade [son] = color

parent := son -- make new parent
TRUE

-- {{( son not right c for

BOOL looping
INT brother
SEQ
brother son
looping TRUE
WHILE looping

SEQ

IF
sibling [brother] > 0

-- {(( Brother has brother
SEQ

brother := sibling [brother]
IF

shade (brother] = color
SEQ

looping := FALSE
parent brother

TRUE
SKIP

-- ))
TRUE

-- {{( No brother, so create one
SEQ

looping := FALSE
sibling [brother] := nextValidCode
shade [nextValidCode] := color
putCode (out, parent)

size ! codeSize
parent := color
nextValidCode := nextValidCode + 1

-- --I I
-- I }}

-- {f{ Change code size if required
IF

IF
codeSize < 12

SE

ccdeize:= codeSize + 1
axemaxC x(dde << 1

I6



I
Final Report

TRUE 3
SEQ

putCode (out, clearCode)
size ! codeSize
Clear (bitsPerPixel, codeSize, nextValidCode, I

maxCode, child, sibling)

TRUE
SKIP

-- }}1)1

putCode (out, endCode)
size ! codeSize I

-- } I

-- {{{ so.fwrite.INTl6
--Writes 2-byte integer. LSB first
PROC so.fwrite.INTl6 (CHAN OF SP fs, ts, VAL INT32 StreamID,

VAL INT16 Value, BYTE Result)

VAL msb IS #FFOO (INTl6)I
VAL lsb IS #OOFF (INTI6)

BYTE Result2 3
SEQ

so.fwrite.char (fs, ts, StreamID, BYTE (Value /\ lsb), Result)
so.fwrite.char (fs, ts, StreamID, BYTE ((Value /\ msb) >> 8),

Result2) U
Result := BYTE ((INT Result) \/ (INT Result2))

--}}}I I
-- {{{ WriteBlock
PROC WriteBlock (CHAN OF SP fs, ts, VAL INT32 StreamID,

(255] BYTE Block, INT Length, BYTE Result)
BYTE Result2

SEQ
so.fwrite.char (fs, ts, StreamID, BYTE Length, Result)
SEQ I = 0 FOR Length I

SEQ
so.fwrite.char (fs, ts, StreamID, Block [I], ResuLt2)
Result := BYTE ((INT Result) \/ (INT Result2))

Length :=0

--}}}

-- {{{ BlockByte I
PROC BlockByte (CHAN OF SP fs, ts, VAL 1NT32 StreamID,

[2551 BYTE Block, INT Index, VAL BYTE Data, BYTE
Result) 3

SEQ
Block [Index] := Data
index := index + 1 

Index = 255
Writeplcck (fs, ts, Stream, SlCk, idex, Pesu>)

TRUEI
SKI:P
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I -- {(( Input
--Input process for Encoder
PROC Input (CHAN OF INT ToEncoder, VAL [3 [INT Pixels, VAL INT End)

SEQ
SEQ I = 0 FOR (SIZE Pixels)

SEQ J = 0 FOR (SIZE Pixels [I])

ToEncoder ! Pixels EI] [J]3 - ToEncoder ! End

--((I Output
--Output process from Encoder
PROC Output (CHAN OF INT FromEncoder, Size, VAL INT32 GIFFile,

VAL INT MaxColumn, MaxRow, BitsPerPixel,
VAL [INT Palette

-- {(( Constants
VAL byte.mask IS #FF (INT32)

VAL size.of.int IS 4 :
VAL colors IS (1 << BitsPerPixel)
VAL max.byte IS 40
VAL depth IS 2 :
VAL max.gray IS (I << BitsPerPixel)
VAL ppw IS ((size.of.int * 8) / BitsPerPixel)
VAL wpsl IS (MaxColumn / ppw)
VAL red IS 0:

VAL green IS 1
VAL blue IS 2:

VAL gif.signature IS "GIF87a"
VAL global.color.map IS #80
VAL color.res IS ((depth - 1) << 4)
VAL bits IS (BitsPerPixel + 1)
VAL screen.height IS (INTI6 MaxRow)

VAL screen.left IS 0 (INT16)
VAL screen.top IS 0 (INT16)
VAL screen.width IS (INTI6 MaxColumn)
VAL screen.descriptor IS

(BYTE ((global.color.map \/ color.res) \/
(BitsPerPixel - 1)))

VAL background IS 0 (BYTE) :
VAL endCode IS ((l << BitsPerPixel) + 1)

-- M11

3 BYTE Result:
INT CodeSize, OutByte, Shift, Value
INT32 Out :
[3] BYTE ColorValue
[255] BYTE OutBlock

SEQ
OutByte := 0
-- ({ GIF Signature
so.fwrite.string (fs, ts, GIFFile, gif.signature, Result)

3 -- {{{ Screen Descriptor
so.fwrite.iNTl6 (fs, ts, GIFFile, screen.width, Result)
so.fwrite.INT16 (fs, ts, GIFFile, screen.height, Result)
so.fwrite.char (fs, ts, GIFFile, screen.descriptor, Result)
so.fwrite.char (fs, ts, GIFFile, background, Result)
so.fwrite.char ('fs, ts, GIFFile, 0 (BYTE), Result)

70
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-- M( Global Color Map9
VAL PaletteColors IS (SIZE Palette)
SEQ I = 0 FOR colors

SEQ
I(I < PaletteColors)

SEQ
ColorValue [blue]

(BYTE ((INT32 Palette [I]) /\ byte.rnask))I
ColorValue (green) :

(BYTE (((NT32 Palette [ID) >> 8) /\byte.mask))
ColorValue [red) :

TRUE (BYTE (((NT32 Palette [I]) >> 16) /\byte.mask))a

SEQ
ColorValue [blue) : 0 (BYTE)
ColorValue (green) := 0 (BYTE)3
ColorValue (red) : 0 (BYTE)

SEQ J = 0 FOR 3
-- so.fwritechar (fs, ts, GIFFile, ColorValue [J], Result)a

-- ({{Image Descriptor
so.fwrite.char (ifs, ts, GIFFile, ',', Result)I
so.fwrite.INTl6 (fs, ts, GIFFile, screen.left, Result)
so.fwrite.INTl6 (fs, ts, GIFFile, screen.top, Result)
so.fwrite.INT!6 (ifs, ts, GIFFile, screen.width, Result)
so.fwrite.INT16 (ifs, ts, GIFFile, screen.height, Result)U
so.fwrite.char (ifs, ts, GIFFile, 0 (BYTE), Result)
-- M}1

--[[{ Raster DataI
--First byte is bits per image pixel

so.fwrite.char (fs, ts, GIFFile, BYTE BitsPerPixel, Result)

-- (U( Get first codea
FromEncoder ? Value
Size ? CodeSize
Shift := CodeSize
Out :=(1NT32 Vallip)

-- {{{Accept and package codes until end of imagc

WHILE (Value <> enciCode)U

-- (if Write any f4inished bytes
WHILE (Shift > 8)

SEQI
BlockByte (fs, ts, GIFFile, OutBlock, OutByte,

BYTE (01it /\byte.mask), Result)
Out :=out >> 3
Shift :=Shift - 8

-- {{( Add next code

Frcmrnccder ? Valuie

D -;t -17: / ( 2 2 1a u- < Sh~:
Shif t
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5 WHILE (Shift > 0)
SEQ

BlockByte (fs, ts, GIFFile, OutBlock, OutByte,
BYTE (Out /\ byte.mask), Result)

Out := Out >> 8
Shift := Shift - 8

OutByte <> 0
WriteBlock (fs, ts, GIFFile, OutBlock, OutByte, Result)

TRUE

SKIP

--Raster data terminates with 0-byte block
WriteBlock (fs, ts, GIFFile, OutBlock, OutByte, Result)

1 -- }1)

--{{{ GIF Terminator
so.fwrite.char (fs, ts, GIFFile, ';', Result)I __-)}

-- 11)

3 VAL end IS ((l << BitsPerPixel) + 1)

CHAN OF INT ToEncoder, FromEncoder
CHAN OF INT Size

IPAR
Input (ToEncoder, Pixels, end)
Encoder (ToEncoder, FromEncoder, Size, BitsPerPixel)
Output (FromEncoder, Size, GIFFile,

MaxColumn, MaxRow, BitsPerPixel, Palette)

I

I
!
I

3 72
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6.2.1.13. PROC GTSEI "gtsei.occ"
PROC GTSEI ( CHAN OF ANY fromController, toController, fromTarget,
toTarget, toCrossbar0, toCrossbarl )

#INCLUDE "s header.inc"
--({[ Table
VAL Table IS [ [ 0, 4 ],

2, 5 1,
11I 6 ],
7, 3 1,

f 29, 31 1,
[ 30, 28 1,
[ 24, 25 1,
27, 26 1, 3
17, 19 1,
23, 22 1,
21, 16 1,
20, 18 ], 3
10, 8 1,
13, 9 1,
14, 12 1,
11, 15 1 3

--H1 variables
BYTE synch :
BOOL target.wait
[16] [3) BYTE SetO, Setl
INT Current.Selection
INT Selection :
PLACE Selection AT #800 : 3
BYTE length :
[max.message] INT32 message
command IS message[0 :i
params IS [message FROM 1 FOR (max.message-1)]
-- III
-- { DetermineSetting
PROC DetermineSetting ( [16] [3] BYTE SetO, Setl, VAL INT offset i

SEQ
SEQ i = 0 FOR 16
VAL connection IS BYTE Table[ ((i + offset) /\ 15) ][ 0 ]

SEQ I
SetO[i] [1] := connection
Setl[i] [2] connection

SEQ
-- { { ( initialize
SEQ i = 0 FOR 16

SEQ
SetO [ [0] = 0 (BYTE)
SetO[i] ] : BYTE Table i] [0

Seti 2] := YTE Table'i] 

Set!iJ 01 0 (BYTE)

ei [2] : BYTET5 ei 0 La
D 2 s so -3ar) 4 3BTE ; e 3; 3 ( ,'T E

t c,£r~s: * 2l ,n.-... . ; Z t ; 3( Y E
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I target.wait := FALSE
WHILE TRUE

SEQ
fromController ? length: :messageI CASE INT command

-- Ht1 c.set.crossbar
c. set crossbar

DeterrnlneSetting( SetO, Seti, INT params[OJ

-{fc.set.target
c.set .target

SFQI IF
target .wait

fromTarget ? synch
TRUEI SKIP

P AR
toCrossbarO 4(BYTE); SetO; 3(BYTE)
toCrossbarl 4(BYTE); Seti; 3(BYTE)I toTarget !length::message

target.wait := TRUE
-- I I
-- {({ c.target.rowU c target row

SEQ
IF

target .waitI fromTarget ? synch
TRUE

SKIP
target.wait := FALSEI toTarget !length::message

-- 711
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6.2.1.14. PROC Guidance 'guidance.occ"
PROC Guidance ( CHAN OF ANY fromSP, toSP,

-M lbaisfromX13ar, toX~ar)3

#INCLU-DE "s-header.inctl

-ff constants
VAL min.time IS 0.99 (REAL32)

-f{ PROC test.setup
P.ROC test.setup (CHAN OF ANY from.master, to.master)I
--([I constants
VAL min.shift.x IS -8
VAL max.shift.x IS 8
VAL min.shifft.y IS -83

VAL (]aL3 beg.dier IS 82000(EL2,9000(EL2

VAL H]REAL32 egnd.divert IS (20000.0 (REAL32), 100000.0 (REAL32V

VAL x]cent32er ddvr IS 250006EA3) 000. RA3)

VAL y.center IS 256
VA yIee IS25

INT frame, command
WHILE TRUE

SEQ
frame := 0I
from.master ? command
WHILE command = c.guidance.run

--ff run simulation
REAL32 range, time:I
INT16 centroi4d.x, centroid.y
[31REAL32 seeker.xyz, target.xyz
SEQ

from.master ? range ;timeI
centroid.x ; centroi4d.y
seeker.xyz ;target.xyz

-F-frame :=frame + 1

IF i = 0 FOR SIZE(begirn.divert)
(range >= begin.divert~iJ) AND (range <= end.divertz<1 ,)
--H{t divert
TNT shift.x, sh4ft.yI
SEQ

shiift.x x.center - (HINT centroid.x) <<z 2)
shift.y :=y.center - ((TNT centroid.y) << 2)
IFI

shift.x > ma-.shiLft.x
to.mnaster I(INT16 max.shiftl.x)

to master (:.;16mishz.)
TRUE

to.master (INT16 stift.x)

- J Ma' . -1!
'I 4ni: 6 -na .VI
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TRUE
to.master !0 (INTl6); 0 (INTl6)3 from.master ? command

CHAN OF ANY from.master, to.master
P AR

test.setup (from.master, to.master)
--If[I BYTE length
(255] INT command.line
INT guidance.mode
REAL32 last.time,I INT16 shift.x, shift.y
SEQ
guidance.mode :=gm.none
WHILE TRUEI SE~tromSP ? length::command.line

CASE comrrand.line(Ol
-- ([I set mode

guidance. set .mode
guidance.mode :=command.linefl]

-- )I
-- ([[ initialize

SEQ

last.time,: -1.0 (REAL32)
shift.x 0 (INTl6)
shift.y 0 (INTl6)
CASE guidance.mode

gn. internal
frorn.master !c.guidance.initialize

gn. external
PAR

toXBar !c.guidance.initialize
from.master !c.guidance.initiali;ze

ELSE
SKIP

-{( run
c. guidance. run
FPA IS cominand.linel]
range IS cominand.line[21
time IS command.line[3]Icentroid.x IS command.line[4]
centroid.y IS comxnand.line(5]
seeker.int IS 'Lommand.line FROM 6 FOR 3]
target.int IS [coimand.line FROM 9 FOR 3]
[3]REAL32 seeker.xyz RETYPES seeker.int
[3]REAL32 target.xyz RETYPES target.int
REAL32 r.tI'me RETYPES time
SEQ_'

SEQ1 convert positions to kilometers

SEQ
se,':ker.xyz[i] seeker.xyz[ij 1000.0 (FEALO?_3_)
t~.ret.xyz_,i] tarqet.:-yz[iJ 1000.0 (ELS

3 CAS q'ia.ce .mod~rle
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gn. internalI
-- fit from test proc
SEQ

from.master !c.guidance.rul;
range; time; INT16 centroid.x

INT16 centroid~y;
seeker.xyz ; target.xyz

to.master ? shift.x; shift.y

shif~y)tosp! cc.shift.image; -(TNT shift.x); -(TNT

gm.external

IFI
ABS (r.time - last.time) >= min.time

SEQ
last.time :=r.timeI
toXBar c.guidance.run

range; time ; INT16 centroid.x
.NT16 centroi4d.y

seeker.xyz ; target.xyz

toSP ! cc.shift.image; -(TNT shift.x); -(INT
shift .y)

TRUE3
-- [if from test proc
SEQ

from.master !c.guidance.run;

INT16centrid~yrange; time; INT16 centr-oid.x

seeker.xyz ; target.xyz
to.maSter ? shift.x; shift.v

s~lit~y)toS? cc.shift.image; -(TNT shift.x); -(TNT

ELSEI
SKIP
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6.2.1.15. PROC HostSeeker "hostseek.occ"
PROC HostSeeker (CHAN OF ANY fromSeeker, toSeeker

-- (If libraries
#INCLUDE "'s header.inc"
#INCLUDE "host io.inc"
#USE "hostia. lib"
-- MII

-- If( link definitions
VAL link0out IS 0
VAL linklout IS 1
VAL link2out IS 2IVAL link3out IS 3
VAL link~in IS 4
VAL linklin IS 5
VAL link2in IS 6

VAL link3in IS 7
-- M11
--{{{ channels
CHAN OF SP fs, ts
PLACE fs AT link~in
PLACE ts AT link0out
-- III

-- ((( constantsI VAL esc IS 27:
VAL max.screen.width IS 640
VAL rax.screen.height IS 480
-- MI

-{{ utility procs
-{{ goto.xy

PROC goto.xy (CHAN OF SP fs, ts, VAL INT x, y)
VAL esc IS 27 (BYTE)
SEQowieit(fs s +,0

so.write.string (ifs, ts, (esc, I'])

so.write.char (fs, ts, ';')
so.write.int (ifs, ts, x+l, 0)
so.write.char (fs, ts, 'H')

-- U clear.eos
PROC clear.eos (CHAN OF SP fs, ts)

VAL esc IS 27 (BYTE)
SEQ

U -- f(I SC Encode
#USE "giif.c8h"
--(f{F giif.occ
-::F giif.CCC

-j(SC loader

#USE "loader.c8h"I -- M(F loader.occ

-- ::: LODR.C

-- MI SC runSeeker
*USE "runseekrr.c~h"
-- t(iF runSeekr.ccc

*78
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--:F RUNSEEKR.OCC

-- U spectrum
PROC spectrum ( E2561 TNT paletteI

PROC set.colour (VAL INT index, r, g, b)
SEQ

palette(index) : (r << 18) \/ ((g << 10) \/(b << 2))

SEQ
S E C RP 6 4 Dlue to r:." 3ualo- for 1

to 63 set.colour( i, i, 0, 31-(i 1I)
SEQ i = 0 FOR 64 -- adding green and blue

set.colour( 64+i, 63, i, i )- for 64 to 127

SEQ i =128 FOR 128 -- green for 128-255
set.colour( 1, 0, 63, 0

set.colour( 0, 0, 0, 0 ) -- black for 0

set.colour( 128, 30, 30, 30 ) -grey for 128

-- II I
-- (if main menu variables
BOOL dont.exit
BYTE key, result
-- ))I1

SEQ
dont.exit :=TRUEU

SHIEdn~e

__-((( Main Menu

goto.xy( fs, ts, 0, 0I

so.write.string( fs, ts, "Main Seeker Menu*c*n"
so.write.strlng( fs, ts, I----------------------- *c*n*nI
so.write.string( fs, ts, * tEsc*I key to exit program.*c*n1*nI
so.write.string( fs, ts, "1 (c) capture screen image~~c*nP
so.write.string( fs, ts, IT (1) load new data*c*nI
so.wri4te.string( fs, ts, 11 (r) run seeker*c*n"

so.write.nl( ifs, ts

so.getkey( ff5, ts, key, result

CASE keyI
--(([ c - capture screen
'C', OCT

[max.screen.widtjBYTE Screen.buiffer
[rax.screen.height] [max.screen.width ]TNT screen
[2NT N prletet s: en~i
ITSEQ e~egt sre~it

-- u hede

goto.xy( f3, !ts, 0, 0 U
clear.ecs( fs, tS)
so.write.strina( fs, ts, "Capture Screen !maecn1
30. wr~te. strfn;j( fs, to, ---------------------------------- ---,f*-.

5t e ::r 7:~

- ~s, :-ck
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toSeeker !2 (BYTE); c.read.graphics ;track.display
fromSeeker ? screen.height
SEQ i = 0 FOR screen.height

SEQ3 so.write.int (ifs, ts, i, 0)
so.write.char (fs,ts, 1*c1)

fromSeeker ? screen.width: :screen.buiffer
SEQ j = 0 FOR screen.width

screen[i)[j) : (INT screen.bufferj)
so.write.nl (fs, ts)

so.write.string( fs, ts, "Capturing image display
0 ... cn

toSeeker !2 (BYTE); c.read.graphics ; irage.display.0
fromSeeker ? screen.height
SEQ i =0 FOR screen.height

so.write.int (fs, ts, i, 0)
so.write.char (fs,ts, 1*cW)I fromSeeker ? screen.width: :screen.buffer
SEQ j = 0 FOR screen.width

screen~i]j] screen(i][j] (INT
screen.bufifertj])I so.write.nl (ifs, ts)

-- _M
-- f(( image display 1
so.write.string( fs, ts, "Capturing image displayI1 .. cnI toSeeker ! 2 (BYTE); c.read.graphics ; image.display.l

fromSeeker ? screen.height
SEQ i = 0 FOR screen.heightI SE~so.write.int (ifs, ts, i, 0)

so.write.char (fs,ts, I*cI)
fromSeeker ? screen.width: :screen.bufifer
SEQ j = 0 FOR screen.width

screen.bufifer(j])

--(([ run gif encoder
INT32 streamid

SEQ

so.open (ifs, ts, "seeker.gif", spt.binary, spm.output,
strearnid, result)

8, palette, screen)

I-{( - load new data
ILI, '1'

loader (ifs, ts, frcm,,Seeker, toSeeker)

--( r - run seeker

run!> ekr~ (f,-s, frzcSeeker, oekr

(BYTE esc)
dznt .ex--it := ALSE

3~ 0o
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-U else skip3
ELSE

SKIP
-- ) I I

so.exit( fs, ts, 0 (1NT32)
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6.2.1.16. PROC HostStub "hoststub.occ"
PROC HostStub (CHAN OF ANY from.emulator, to.emulator)

SKIP

I8
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6.2.1.17. PROC ImageDisplay "imagedis.occ"
PROC ImageDisplay ( CHAN OF ANY Image0, Imagel,

fromPrev, toPrev, fromNext, toNext,

VAL INT position, FRAMES

-- H{( libraries
#INCLUDE "crtc.incif
#INCLUJDE "g_ header.inc"l
#INCLUDE "'s-header.inc"

#USE "convert .lib"
#USE "graphics .lib"
-- )I
-- [i{ place system variables
t(20*65536)+1280] BYTE screen.map

PLACE screen.map AT screen.int.address

TNT DisplayStart:
PLACE DisplayStart AT DispiayStart.address3

TNT EventMode:
PLACE EventMode AT Event.Mode.address

TNT SysReady :
PLACE SysReady AT (#00080000 >< (MOSTNEG TNT)) >> 2

INT Ready:
PLACE Ready AT Ready.address
-- 1
-- {({( FrameReceiver
PROC FrameReceiver ( CHAN OF ANY mnO, mJl,

(128] [1280) BYTE frame,
VAL TNT countO, countl

--- {{( MOVE
PROC MOVE( [1 [1 BYTE source, VAL TNT s.x, s.y,

NN BYTE dest, VAL TNT d.x, d.y, 1.x, i.y

SEQ 4 = 0 FOR i.y
l.XJ [dest~fd.y~i) FROM d.x FOR 1.x] [source[s.y+il FROM s.x FORI

--. I

[128] [40] [32] BYTE s RETYPES frameI
[2] [81][16" BYTE bufferO:

PLACE bufferO TN WORKSPACE
[2) [81 -,161 BYTE buffer!

PLACE bufferl IN WORKSPACEI
SEQ

-- (ff get firsc lines
P AR

-nO ? bufferO(j[Q

ge:: lines and Flace on dis-clay

83 Z1-
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3 inO ? bufferO[input]
-- {({ place on display
SEQ

MOVE2D( b0, 0, 0, si, 0, 0, 16, 8
MOVE2D( bO, 0, 0, si, 0, 20, 16, 8
MOVE2D( bl, 0, u, si, 16, 0, 16, 8

MOVE2D( bl, 0, 0, si, 16, 20, 16, 8
-- }H)
inl ? bufferl[input]

-- M}
--{[i place last lines on display
si IS s[127] :
b0 IS buffer0[ 1 ]
bl IS bufferl[ 1 ]
SEQ

SMOVE62D( b0, 0, 0, si, 0, 1cI_, 8 )
MOVE2D( bO, 0, 0, si, 0, 20, 16, 8 )

MOVE2D( bl, 0, 0, si, 16, 0, 16, 8 )

MOVE2D( bl, 0, 0, si, 16, 20, 16, 8 )

--{ { place Event channel
CHAN OF ANY Event
PLACE Event AT 8
--M}
-- {{ set up multiple screens
VAL screen.offset IS [ #00000, #50000, #AOOOO, #FOOOO ]

VAL screen.address IS [ #00000, #14000, #28000, #3C000 ]
-- }}}I
-- {{ EventProc
PROC EventProc ( CHAN OF ANY Event, in

INT synch, address
WHILE TRUE

SEQ
in ? address
Ready := 1
Event ? synch
DisplayStart := address
Ready := 0

-- { {{ Buffer
PROC Buffer ( CHAN OF ANY in, out

INT temp
SEQ

WHILE TRUE
SEQ

in ? temp
out ! temp

-- }}}I

-- { ({ SetNewScreen
?ROC SetNewScreen ( CHAN OF ANY in, VAL INT screen.address

INT synch
SEQ

Ready:- I
4n ? synch
DisplayStart: screen.address5 SEQ i = 0 COR 100

* 84
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SKIP 5
Ready : 0

-- }} 1

--{{{ (constants
VAL screen.width IS 640
VAL screen.height IS 480
VAL screen.size IS screen.width * screen.height 3
-- ({{ variables
CHAN OF ANY synch, synchl
INT temp, load :
(w.length] INT window

INT start.time, end.time
TIMER clock 3
BYTE length
[256]INT message
-- (U x.offset
VA L offset IS ( 32, 352 ]
VAL x.offset IS offset[ position I

-- III

SEQ
-- {(( initialize
set.B408( 0, 0, 0, 0, 0
window := [ 0, 640*480, 640, 0, 0, 640, 480, 255, 0, 0, 0 ] 1

(] INT int.screen RETYPES screen.map
SEQ i = 0 FOR (20*65536)/4

int.screen[i] := 0

set.B408( 0, 0, 0, 1, 0

load := 0
-- }}} I
PRI PAR

PAR
EventProc( Event, synch!
Buffer( synch, synchl )
-- {({ read display info
command IS message[O0
who IS messagel]
WHILE TRUE

SEQ
fromPrev ? length::message

command = c.read.graphics
CASE who

image.display.0 -- this processor

screen IS [screen.map FROM DisplayStart FOR

[screen.heighti [screen.width: BYTE ;Z REI:PES screen

SEQ 3
toPrev screen.height

tocrev screen.width::s2Ji 3
--",L

ELSE 
.r

.... n .buflenzth 3

QSI
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3 (maxGraphicBuffer] BYTE graphicsBuffer
SEQ

message~l] :=message~l] - 1 -- deci."ment and
send on

toNext length: :message
fromNext ? nuxber.of.transfers
toPrev number.of.transfers
SEQ i = 0 FOR nuxber.of.transfersI SE~fromNext ? bufLength: :graphicsBuffer

toPrev !bufLength: :graphicsBuffer

3 TRUE
SKIP

-(I get displayI SEWHILE TRUE
VAL start IS s,-reen. offset (load] + ((112 *screen.width) +

x.offset):
VAL size IS 256 * screen.width
screeni IS (screen.map FROM start FOR size
(128] (screen.width*2] BYTE screen RETYPES screenl
SEQ

FrameReceiver( ImageO, Trnagel, screen, 16, 4Usynch screen.address(load]
load :~(load + 1) /\ 3

I 8-
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6.2.1.18. PROC Loader (used by Host) loadernocc"
-- MU libraries
#INCLUDE "'s-header.inc"
#INCLUDE "host io. Thc"
#USE "hostiolib"
-- M}
PROC loader (CHAN OF SF ifs, ts, CH-AN OF ANY from.seeker, to.seeker)

-((constants
VAL esc IS 27:

VAL c.cal.iframes IS 2I
VAL c.background IS 0
VAL c.iforeground IS 1
VAL c.row.data IS 443

VAL rnax.rows IS 128
VAL rnax.cols IS 128
VAL max.t.cols IS 512
VAL max.fpa.frames IS 200U
VAL max.buff.size IS 128
VAL sub.pixel.x IS 4
VAL sub.pixel.y IS 4

-- MI
--f{{ global variables
INT num.iframes, num.sim.framesI
BOOL fpa.values, sim.values:

Emax.fpa.iframes]REAL32 frarne.rate, fpa.tine, fpa.range
(6] [rax.fpa.framesiJREAL32 fpa.position :

[max.sim.frarnes]REAL32 sim.tine, sirr~range
6]fmax.sir-n.1_ramesJREAL32 si*m.positi*of

-{{ channels
VAL iink.in.3 1S 7

VAL link.cut.3 IS 3

CHAN CF ANY frorn.vax, to.vax
PL ACE frcm.vax AT link.in.3
PLACE t-o.%ax AT link.out.3I

-- u util procs
--f goto.xy

PRCC goc .:xv 'IlA F 32 fs, ts, VAL INT x, y)I
VAL esc .3 7 (B3YTE)
SE-,

sol.wr~te. ::ha ( s, ts, I--;, )

~.~r~t.Cn~r(fs, t3- 'H.')3

S7
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3-- procs
--U{( proc get.INT
PROC get.INT (CHAN OF ANY in, out, INT value)

SEQ
out ! 4
in ? value

-- { proc get.BYTE
PROC get.BYTE (CHAN OF ANY in, out, BYTE value)

SEQ
out
in ? value

-- }}
--(I( proc get.REAL32
PROC get.REAL32 (CHAN OF ANY in, out, REAL32 value)

SEQ
out ! 4
in ? value

--U{{ proc get.REAL32.vector
PROC get.REAL32.vector (CHAN OF ANY in, out, []REAL32 value)

SEQ
out ! ((SIZE(value)) * 4)
in ? value

--U(I proc vax.filter
PROC vax.filter (CHAN OF ANY from.filter, to.filter, from.vax,

VAL BOOL dataFromTape)
VAL buffer.size IS 16384
VAL max.record IS 4097
BOOL continue, waiting.flag, full
INT need, count, start, end
BYTE count.byte:
[buffer.size]BYTE buffer
SEQ

continue := TRUE
waiting.flag := FALSE
start := 0
end 0
full FALSE
IF dataFromTape

-- (Ut then use sophisticated buffer
WHILE continue

PRI ALT
to.filter ? need

-- M{!
IF

need = 0
continue := FALSE

TRUE

IF (end - start) >= need
SEQ

from.filter (buffer FROM start FOR need]
start := start + need

3Is's
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IF
start = end

SEQ
start := 0
end 0

TRUE
SKIP

TRUE
waiting.flag := TRUE

-- 11)
-- }}}I

(NOT full) & from.vax ? count.byte

SEQ
IF

(count.byte <> (BYTE #5E))
SEQ

-- (({ get record

count (INT count.byte) /\ #OF
SEQ i = 0 FOR 3

SEQ
from.vax ? count.byte
count := (count * 10) + ((INT count.byte) /\

#OF)U count := count - 4
from.vax ? [buffer FROM end FOR count]
end := end + count
IF5waiting.flag AND ((end - start) >= need)

-- ( {
SEQ

from.filter ! [buffer FROM start FOR need]
start := start + need
IF start 

= end

SEQ I
start := 0
end := 0

TRUE
SKIP

waiting.flag := FALSE

--))I
TRUE

SKIP
-- }}}

TRUE
SKIP

full := end > (buffer.size - max.record)
-- }}}~

(waiting.flag AND full) & SKIP

(max.record]BYTE temp :

INT length
SEQ

length := end - start
(temp FROM 0 FOR length] [buffer FROM start FOR

[buffer FROM 0 FOR length] :temp F'ROM 0 FOR lengthl

start := 0 1
end = lengtI

7U
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TRUE
-- (If
WHILE continue

SEQ
to.filter ? need
IF

need = 0
continue :- FALSE

TRUE
SEQ

from.vax ? [buffer FROM 0 FOR need]
frorn.filter [ buffer FROM 0 FOR need]

--(IPROC fixVaxFloat
PROC fixVaxFloat (VAL REAL32 bad, REAL32 good)

SEQ
VAL [41BYTE twiddle.dee RETYPES bad
[4]BYTE twiddie.dum RETYPES good
SEQ
twiddle.dum(0) twiddle.dee[2]
twiddle.dum(l] twiddle.dee[3]
twiddle.dum(2] :=twiddle.dee(0]

twiddle.dum[3J twiddle.dee(l)
--twiddle.dumn(3] : BYTE ((INT twiddle.dum[31) + 127)
INT16 dec.exp RETYPES (twiddle.dum FROM 2 FOR 2]
INT16 ieee.exp:
VAL zero IS 0 (INT16)
SEQ

ieee.exp := dec.exp - 256 (INT16)
IF

(ieee.exp < zero) AND (dec.exp > zero)
--1ff fix very small number
SEQ

dec.exp :=zero
-- MI

TRUE
dec.exp :=ieee.exp

-(f PROC clear.screen
PROC clear.screen(CHAN OF SP fs, ts)

SEQ
goto.xy(fs, ts, 0,0)
clear.eos(fs, ts)

-ff PROC checkFloat
PROC checkFloat(VAL REAL32 in, REAL32 out)

SEQ
IF

ISNAN (in)
out := 0.0 (REAL32)

(ABS(in)) > 1.OE+20 (REAL32)
out i.OE+20 (REAL32)

TRUE

--, erge.s_-'n.and.fpa (CHAN)

PP.CC :ner~e.s.4m.and.fpa (CHAN OF ANY to.seeker)
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-- ((( INT FUNCTION MIN (INT,INT)3
INT FUNCTION MIN (VAL INT a, b)

INT return
VALOF
IFI

return a
TRUE

return bI

RESULT return

SEQI
-- {(M display some text
so.write.string(fs, ts,

"FPA and Sim values have all been loaded. *c*n")

so.write.string(fs, ts,I
"Will now merge data sets and send to Seeker Emulator*c*n")

so.write.string(fs, ts,
"range, time, frame rate, and interceptor and target

coordinates. *c*nU)

(Ucompare sim frames to fpa frames

INT frames.sent, frames.to.senc, si4m.count

SEQI
__-({( send sim.frames
sim.count :=0
frames.sent :=0
WHILE sim.time[sim.countl < fpa.time(O]U

__-{({ compute range values
range IS sim.range~sim.count]

SEQI
range 0.0 (REAL32)
SEQ i =0 FOR 3
VAL temp IS (sim.position[i][sim.count]

sim.position~i + 3]Esim.count])I
range :=range + (temp - temp)

range :=SQRT (range)
-- H)
sim.count :=sim.count + 1I

WHILE frames.sent < sim.count
SEQ

frames.to.send MIN(sim.count - frames.sent,

max .buff size)I
SEQ i = 0 FOR 6

to.seeker !BYTE (4 + F-rames.to.send)
c.sim.position; i; frames.sent

frme~o~en sim.position~i] FROM frames.sent FOR
frames to. send]

to.seeker BYTE (3 + frames.to.send);
[sirm.tme FRO frames.sent FRframes.to.sendl
c[frm.tme FO frames.sent FO frames.to.send]

to.seeker BYTE (3 + frames.to.send);
c.frame.range ;frames.sent ; frames.to.send

fraesset rames FRO frames.snFO rmsto.send U
[simsset = ranen FRO frames.tsen Odrmst~ed

--if( get position vaLues for foa frames

6EQI
DTcurrent.sim smcu-
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SEQ
WHILE ABS(fpa.time~ij - sim.time~current.sim+l)) <

ABS(fpa.time~iJ - sim.time(current.sim])
current.sim :-current.sim + 1I SEQ j - 0 FOR 6
fpa.positionj] [i] :=sim.position[j) (current.sim]

SEQ i = 0 FOR 6
to.seeker !BYTE (4 + nuxn.frames);

c.sim.position; i; sim.count ; num.frames
(fpa.position(i] FROM 0 FOR nuxn.frames]

to.seeker !BYTE (3 + num.frames) ;
c.frame.tine ; sim.count ; num.framesI [fpa.time FROM 0 FOR nuxn.frames]

to.seeker !BYTE (3 + nuxn.frames) ;
c.frame.rate ; sim.count ; num.frames;
[frame.rate FROM 0 FOR nuxn.frames)Ito.seeker !BYTE (3 + num.frames);
c.frame.range ; sim.count ; num.frames;
(fpa.range FROM 0 FOR nuxn.frarnes)

to.seeker BYTE (3);Iu~rms c.sim.start.frames ;sim.count ;(sim.count +

--f{f load.background (CHAN', CHAN)
PROC ioad.background(CHAN OF ANY from.vax, to.seeker,

VAL BOOL dataFromTape, autoload)

CHAN OF A-NY from.filter, to.filterI PA~vax.filter(from.filter, to.filter, from.vax, dataFromTape)
-- ((( local variables
BYTE key, resultI BOOL error
-- )I)
SEQ

clear.screen (fs, ts)I so.write.string (fs, ts, "Loading background data ... *c*n")
--((1 get background frames
INT nnrows, nncols:
REAL32 diam, fnum, pxspcx,I pxspcy, filfax, filfay
[max.frames]REAL32 framrt, range, time
BYTE cr
SEQ

so.write.string(fs, ts, "*c*nBackground data ...*n)
-- (I {( file header

get.INT (from.filter, to.filter, nnrows)
get.BYTE (from.filter, to.filter, cr)Iget.INT (from.filter, to.filter, nncols)
get.BYTE (from.filter, to.filter, cr)
get.REAL32 (from.filter, to.filter, diam)
get.BYTE (from.filter, to.filter, cr)Iget.REAL32 (from.filter, to.filter, fnuim)
get.BYTE (from.filter, to.filter, cr)
get.REAL32(fron.filter, to.filter, pxspcx)
g, t.BYTE (frorr.filter, to.filter, cr)Iget.REAL32 (from.filter, to.filter, pxspcy)
get.BYTE (from.filter, to.filter, cr)
get.REAL32(frcm.filter, to.filter, fiIfax)
get.BYTE- (frorn.filter, to.filter, cr)
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get.REAL32 (from.filter, to.filter, filfay)I
get.BYTE (from.filter, to.filter, cr)

-- U qeff and dark current
[max.colsJREAL32 qeff, dkcurrI

so.write.string(fs, ts, "Loading and sending quantum
efficiency data. *c*nU)

SEQ i = 0 FOR nnrowsU
SEQ
get.REAL32.vector(from.filter, to.filter,

(qeff FROM 0 FOR nncols])

so.write.real32( fs, ts, qeff[0J, 10, 3U
so.write.char( fs, ts, I*cS
get.BYTE (from.fiiter, to.filter, cr)
to.seeker ! BYTE (2 + nncols );

FOR nncols] c.gain.row ; (nnrows - i) - 1 ; Eqeff FROM 0I

so. write. string (f s, ts, "Loading and sending dark current

data. *c*nI) I FRnrw

SEQ
get.REAL32.vector(from.filter, to.filter,

[dkcurr FROM 0 FOR nncols])I
so.write.real32( fs, ts, dkcurr[0], 10, 3
so.write.char( fs, ts, I*cs
get.BYTE (from.filter, to.fiiter, Cr)
to.seeker ! BYTE (2 + nncols );I

c.offset.row ; (nnrows - i) -1 ; dkcurr
FROM 0 FOR nncols]

_-H)
get.INT(from.filter, to.fiilter, num.frames)I
get.BYTE (from.filter, to.filter, cr)
so.write.string(fs, ts, "Loading noise data now.*c*n")
so.write.string(fs, ts, "Number of frames: "1)

so.write.int(fs, ts, num.frames, 0)I
so.write.nl(fs, ts)
--fj{{ if not autoload allow for reduced frames
IF

autoloadI

TRUE
SEQ

so.write.string(fs, ts, "Force Number of frames to: "

so.read.echo.int(fs, ts, nurn.frames, error)
so.wri4te.nl (fs, ts)

SEQ i = 0 FOR num. frames

INT framid
SEQ

-- (( frame headerI

SEQ
get .INT (from. filter, to. filter, framid)

get.BYTE (from.filter, to.filter, Cr)

:e :.PZAL32(frcrn-filter, to.filter, temp)
ge!:.BYTE (fror.ffiter, to.filter, Cr)
rar.eHJ := I

E£ E~~.t~~r to.filter, cr)3
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get.REAL32(from.filter, to.filter, framrt(iJ)
get.BYTE (from.filter, to.filter, cr)

-- }IIII -- ((U show some data values
so.write.int(fs, ts, framid, 10)
so.write.real32(fs, ts, ranae(i] , 10, 3)
so.write.real32(fs, ts, time(iJ , 10, 3)Iso.write.real32(fs, ts, framrt[i] , 10, 3)
so.write.nI(fs, ts)

SEQ j = 0 FOR nnrowsI (max.cols]REAL32 noise.data
SEQ
get.REAL32.vector(from.filter, to.filter,

(noise.data FROM 0 FOR nncols)I get.BYTE (from.filter, to.filter, Cr)
to.seeker ! BYTE ( 3 + nncols);

c.background.row ; i ; (nnrows - j) - 1;
(noise.data FROM 0 FOR nncols]

so.write.nl (fs, ts)
so. write. string (fs, ts, "Finished loading background data.*c*n

IF
autoload

SKIPI TRUE
-- (U( get anything extra
BYTE key, result:

SE so.write.string(fs, ts, "'Hit any key when file load
finished.*c*n "1)

so.getkey(fs, ts, key, result)
-- )I I

to.filter ! 0 -- terminate filter

---{{f load.target (CHAN, CHAN)I PROC load.target (CHAN OF ANY from.vax, to.seeker,
VAL BOOL dataFromTape, autoload)

CHAN OF ANY from.filter, to.filter
PARI vax.filter(from.filter, to.filter, from.vax, dataFromTape)

-{{ get target frames
-(( local variables

BYTE key, resultI BOOL error:
INT nsize, start.frame
BYTE cr

I SEQ
-_ {{( display title
clear.screen(fs, ts)
so.write.string(fs, ts, "Loading Target data now ... *c*n")I

-- (Uf load file header
SEQ

get.INT (from.filter, to.filter, nurn.frarnes)Iget.BYTE (frcm.fiiter, to.filter, Cr)
get.INT (frcm.filter, to.ffilter, nsize)
get.BYTE (frcm.filter, to.filter, Cr)
so. write. string (fs, ts, "Nurmber of framnes is "
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so.write.int(fs, ts, nuxn.frames, 0)I

so.write.nl(fs, ts)

-(I get target frames

--(if( display a headerI
autoload

SKIP

TRUEI

so.write.string(fs, ts, "Force Numer of frames to: "
so.read.echo.int(fs, ts, num.frames, error)

so.write.ni (fs, ts)

so.write.string(fs, ts, "Target data ... *c*n"I)
so.write.string(fs, ts, " Frame ID range time

rate") Uowien~s s
--III
--fff acquire data
VAL num.fuJll.rows IS nsize /sub.pixel.yI
VAL nuin.full.cols IS nsize /sub.pixei.x
SEQ frame = 0 FOR num.frames

INT framid

SEQI
get.INT (from.filter, to.filter, framid)
get.BYTE (from.filter, to.filter, cr)
so.write.int(fs, ts, framid, 4)

-.-{(( everything else
REAL32 temp

SEQ

get.REAL32 (from.filter, to.filter, temp)I
get.BYTE (from.filter, to.filter, cr)
fpa.rangefframej : temp
so.write.string(fs, ts,"
so.write.real32(fs, ts, fpa.range(framel, 10, 3)

-- (if time
get.REAL32(from.filter, to.filter, fpa.timefframe])
get.BYTE (from.filter, to.filter, cr)I
so.wArte.string(fs, ts, ""
so.write.real32(fs, ts, fpa.time~frame], 10, 3)

-- (I framrtI
get.REAL32(from.filter, to.filter, frame.raterframel)
get.BYTE (from.filter, to.filter, or)
so.write.string(fs, ts, ""
so.write.real32(fs, ts, frame.rate[frameJ, 10, 1)
--H)I

so.write.nl(fs, ts)
SEQ i = 0 FOR nsize

(max.t.cols]REAL32 target.data
(sub.pixei.x] ~max.cols]REAL32 arranged.dataU
SEQ

__-((I get target from vax
get.REAL32.vectorfrom.filter, to.filter,I

(target.data FRCM 0 FOR. nsize'21)
get.BYTE (from.filter, to.filter, cr)
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get.REAL32.vector(from.filter, t~itr
ttarget.data FROM nsize/2 FOR

nsize/2])
get.BYTE (from.filter, to.filter, cr)

so.write.int(fs, ts, i, 0)
so.write.string(fs, ts,11*c11)
-- ))I
-- {(( correct and format it
INT count
SEQ
count 0I SEQ j =0 FOR nuxn.full.cols

SEQ k = 0 FOR sub.pixel..x
SEQ

arranged.data~(k := target.data (count)I count :- count + 1

f-it send it to seeker
--VAL subpixel IS ((sub.pixel.y - 1) - (iIsub.pixel.y)) *sub.pixel.x:

--VAL current.row is (num.full.rows (

sub.pixei.y)) 1 1
VAL subpixei IS (i \ sub.pixel.y) * sub.pixei.xIVAL current.row IS (i / sub.pixel.y)
SEQ j = 0 FOR sub.pixel.x

SEQ
to.seeker ! BYTE (4 + num.full.cois);I c.target.row ; frame

subpixel + j
current.row;

nu~fl~cls arranged.data(j) FROM 0 FOR

so.write.string(fs, ts, 1"*cI)

-- U send frare.rate, fPa~range, fp.tir.e FO O
to.seeker BYTE(3 + num.frames);

nun. frames] frmtie0;nmfae;[ptie FO0FR

to.seeker BYTE(3 + num.frames);
c.frame.rate; 0; nuim.frames; [frarne.rate FROM 0 FOR

num.frames]I to.seeker !BYTE(3 + num.frames)
c.frame.range; 0; num.frames; [fpa.range FROM 0 FOR

num. frames)
to.seeker BYTE(3); c.sim.start.frames; 0; (num.frames-1)

-- ((I finish up
INT dummyI SEQ
so.write.nl(fs, ts)
so.write.string(fs, ts, "Finished loading target data.*c*n "

IF autoload
SKIP

TRUE
SEQ

sc.write.scring(fs, ts, "Hit arm' kev wh~en 14'e -r_-n-sfer
ends. *C' **)

sc.;,etkey (f3, --s, key, resUllt)
tno.1-liter 0
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__-)I ) I-- MI check if sim values have been loaded
IF
sim. values
merge.sim.and.fpa (to.seeker)I

SKIP
fpa.values :=TRUE

-(( load.positions (CHAN, CHAN)
PROC load.positions (CHAN OF ANY from.vax, to.seeker)

SEQ
__ { ( load sim values
BOOL continueI

clear.screen(fs, ts)
continue :=TRUE
nuxn.sim.frames := I

SEQ
from.vax ? sim.time~num.sim.frames]
SEQ i = 0 FOR 6I

from.vax ? sim.position~i] (num.sin.iframes]
--{If display values
so.write.real32 (ifs, ts, sim.time~num.sim.frames), 10, 3)

IFI
sim.time(num.sim.frames] < 0.0 (REAL32)

continue :=FALSEI

nuxn.sim.frames :=nurn.sim.frames + 1

-(f check if fpa values have been loadedI
IF

fpa .values
merge.sim.and.fpa (to.seeker)

TRUEI

simn.values :=TRUE

SEQ3
__-ff initialize
fpa.values FALSE
sim.values FALSE
-- IlM I
-- ((( menu
BYTE key, result
BOOL dont.exit.

WHLE dcont.exit

__-(I Lcader MenuI
7otc.xy( ffs, ts, 0,1
c ear.ecs( fs, :s

s;wrte.s~.~0 :~,La e ekr:: :.Ienu*c*n )
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so.write.string( ifs, ts, -------------------- *c*fl*n"
so.write.string( fs, ts, "*'Esc*l key to exit program. *c*n*nI

so.write.string( fs, ts, " (b) background data*c*n" I
so.write.string( fs, ts, " (t) target data*c*n" )
so.write.string( fs, ts, " (p) position iniformation*c*nlI

so.getkey( fs, ts, key, result
-- II I
CASE key

-- (if b - background data
IBI Ib'
load.background(from.vax, to.seeker, FALSE, FALSE)

-{{t - target
IT', Its
load.target(ifrom.vax, to~seeker, TRUE, FALSE)

-{{p - position info
Ip1, TVI
load.positions (ifrom.vax, to.seeker)

-- )H
--fit escape
(BYTE esc)
dont.exit :=FALSE

-- I II
-- (H else
ELSE

SKIP
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6.2.1.19. PROC runSeeker "runseekrnocc'
-- M{ libraries
#INCLUDE '"s-heacier.inc"
#INCLUDE "host jo.inc"I
#USE "hosti .lib"
-- M 1
PROC runSeeker (CHAN OF SP fs, ts, CHAN OF ANY fromSeeker, toSeeker)

-{{ utility procs3
-{fgoto.xy

PROC goto.xy (CHAN OF SP fs, ts, VAL TNT x, y)
VAL esc IS 27 (BYTE)
SEQI
so.write.string (ifs, ts, Cesc, I('])
so.write.int (ifs, t3, y+l, 0)
so.write.char (ifs, ts, ';1)
so.write.int (ifs, ts, x+l, 0)I
so.write.char (ifs, ts, 'H')

-{( clear.eos
PROC clepr.eos (CHAN OF SP fs, ts)

VAL esc IS 271 (BYTE)
SEQ

-{{ so.get.extended.key
PROC so.get.extended.key (CHAN OF S? fs, ts, TNT extended.key)I

BYTE key, result
SEQ

so.getkey( fs, ts, key, result)
IFI

key = 0 (BYTE)
SEQ

so.getkey (ifs, ts, key, result)
extended.key :=256 + (TNT key)I

TRUE
extended.key : (TNT key)

-({ get.real32
PROC get.real32 ( CHAN OF SP fs, ts, REAL32 value

BOOL errorI
SEQ

so.read.echo.rea132( fs, ts, value, error
WHILE error

SEQI
so. write. strina ( fs, ts, "Ic*n~llegal Real Number

-- o.read.ectio.rea132( fs, ts, value, error

P PCC -_e _ _i CiCAN OF 37P fs, :S, :1T value

2CCL errorI

* wr e~~s~"*c-nC LZ ga3, :c~lolneger
ea c,1 f.3, 3, v aL Jie, error
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3--{{ constants
VAL esc IS 27
-- 1)
-- {{{ move.table
VAL move.table IS [ [ 328, 0, 1 1, -- up

[ 336, 0,-i], -- down
[ 331, 1, 0 ], -- left

C 333, -1, 0 1, -- right

329, -1, 1 ], -- up and right
[ 337, -1, -1 ], -- down and right

335, 1, -1 -- down and left
327, 1, 1 ), -- up and left
56, 0, 4 ], -- up
50, 0, -4 ], -- down
52, 4, 0 ], -- left

54, -4, 0 ], -- right
57, -4, 4 ], -- up and rightI 51, -4, -4 1, -- down and right
49, 4, -4 ], -- down and left
55, 4, 4 1 : -- up and left

--{{{ variables
BYTE key, result
BOOL running
-- H)I

SEQ
-- {({ initialize

so.write.string( fs, ts, "Initialize Start Frame (y/n) ")
so.getkey (fs, ts, key, result)
CASE key

,y,, ,y,

toSeeker ! 3(BYTE); c.sim.start.frames; 0; 0
ELSE

SKIP

toSeeker 1(BYTE); c.test.controller
toSeeker 2(BYTE); c.global.scale; 0.5E-3(REAL32)
toSeeker 6(BYTE); c.set.calibration; 2;

2000000.0(REAL32); 80000000.0(REAL32); 750;

30000

running TRUE

-- M}}
WHILE running

SEQ
-- {{{ Run Seeker Menu
goto.xy( fs, ts, 0, 0
clear.eos( fs, ts
so.write.string( fs, ts, "Run Seeker Menu*c*n"
so.write.string( fs, ts, " ------------------ *c*n*n")
so.write.string( fs, ts, "*'Esc*' key to return to previous

menu.cnn)
sn.write.string( fs, ts, " ( ) single frame step*c*n")
so.write.string( fs, ts, " (a) set to first fpa frame*c*n"
so.write.string( fs, ts, " (c) continous mode*c*n" )

sn.wJrlte. St r4 j( fs, 11 , , ( f) set frame nurrter*c1:r111
so.write.string( fs, ts, " (g) initialize guidance*c 'n"
so.write.stringt fs, ts, " (r) restart from calibraticn*c*n"
so.wr_-e.string( fs, ts, " (s) set A/ D aincn"
.Sa wr.lte.strirng( =s, tS, ' t) set test rcd 'r,.aa
zSO.wr te. 3tr--nq( fs, 7:s, " x set first anid last framreoc"
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so.write.string( fs, ts, " (z set caiibration*c*n"~
so.write.ni( fs, tsI

so.getkey( fs, ts, key, result

-- iff single frame

toSeeker !l(BYTE); c.run.single3

M-i continuous
,C1, I'cI

TNT keyI

-- (( display continuous menu
gotc.xy (ts, ts, 0, 0)
clear.eos (ifs, ts)I
so.write.string( fs, ts, "Continuous Mode*c*n"I
so.write.string( ifs, ts, "------------------- *C*n*nII
so.write.string( ifs, ts, *lEsc*u key to return to

previous menu.*c*nl )
so. write. string( fs, ts, "1 Press cursor keys to shift

4mnage*c~n~nI)
so.write.string( fs, ts, " Home I PgUp*c*n~~n"
so.write.string( fs, ts, "1 < --- -- I*~~t
so.write.string( fs, ts, "End I PgDn*c*n*nI
so. write. string( ifs, ts, "Use *'Shiift*' key for faster

movement." )

toSeeker ! l(BYTE) ;c.run.conti4nuous
so.get.extended.key (ifs, ts, key)
WHILE (key <> esc)

SEQ
IFI

IF i = 0 FOR SIZE move.tabie
key = mov.2.tableti] [0]

move.table[i] [2] toSeeker !cc.shiift.image; move.tablei] [1];I

TRUE
SKIP

so.get.extended.key (ifs, ts, key)I
toSeeker ! cc.exit

-(l restart
'R , rv

toSeeker ! !BYTE); c.restart
-- II I
-- Mi start from first fpa image
'A', 'a't

toSeeker !4(BYTE-); c.start-frame; 1; 0;1
-- II I
-- ( scale

SEQ
.30.write.striflg( fs, ts, I1*c*nEnt:er new scale: 1
get..reaL32( f3, --s, scaleI
toSee'kerl 2(BYTE); c.global.scale; scale

1 R_=;c.-eSt.back,-r unci
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U toSeeker !l(BYTEI; c-test.controller
-- M
--((( frame
OF', If'I INT relative, frame

SEQ
so.write.string (fs, ts, 11*c*nChange frame (yin)? "

so.getkey (fs, ts, key, result)
CASE key

tyt, 'y'

--((f get frameIE so.write.string (fs, ts, 1I*c*nStart relative to
first EPA frame (yin)? ")

so.getkey (fs, ts, key, result)
* CASE key

'YI, EYE
relative 1

ELSE3 ~ ~~~~relative ts0EcntatFae
so.write.string( fs, s IcntrFam:1
get.int( fs, ts, frame

ELSEI relative := -1
so.write.string Uis, ts, E*c*nDisplay fixed frame (y/n)?

so.getkey (fs, ts, key, result)
CASE key

1YE, 'YE

toSeeker 4(BYTE); c.start.frame; relative; frame; 0
ELSEUtoSeeker 4(BYTE); c.start.frame; relative; frame; 1

-(f set calibration
'ZI, OzII REAL32 cO, cl

INT spO, spl
SEQ

on Seke: "so.wri'te.string( fs, ts, E*c*nLevei for First Calibration

get.real32( fs, ts, cO
so.write.string( fs, ts, E*c*nLevel for Second Calibration

onSekrI get.real32( fs, ts, cl
so.write.string( ff5, ts, h*c*nLevel for First 'Calibration

on SP: 1
get.int( fs, ts, spOI so.write.string( fs, ts, E*c*nLeve1 for Second Calibration

on SP:
get.int( fs, ts, sol
toSeeker !6(BYTE); c.set.calibration; 2; cO; cl; spO; spi

-- H)I
-- (ff set first frame
'XI, 1XII INT first, last
SEQ

3o.Wr4 re.stri4nu( fs, ts, "*o*nEnter value for first fras-,e:

g~ ;e t.in t( f s, t s, first:

So .Wr4 e.stritr( fs, t, 11*c*n- ter -valu-e fz-r last frame:

get.inti( t3, ':3, IaSt
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toSeeker !3(BYTE); c.sim.start.frarnes; first; last
--1_M
--((( guidance initialize'Go, Ig

BOOL not.valid.key, abort
SEQ

__-{{{ display guidance menu
goto.xy (ifs, ts, 0, 0)
clear.eos (ifs, ts)I
so.write.striig( fs, ts, "Guidance Selection*c*n~l
so.write.string( fs, ts, "----------------------- cnn

so.write.string( fs, ts, 9*'Esc*t key to return to

so.write.string( fs, ts, '(x) crossbar test*c*nI )

so.write.string( fs, ts, "(i) internal test*c*n" )
so.write.string( fs, ts, "1 (n) no guidance*c*n"
-- M1
not..valid.key :=TRUE
WHILE not.valid.key

SEQ
not.valid.key :=FALSEI
abort :=FALSE
so.getkey (ifs, ts, key, result)
CASE key

-- M{ x

toSeeker 2(BYTE); c.guidance.set.mode;
gm.external -

III, oil

toSeeker 2 (BYTE); c.guidance.set.mode;
gmninternal

to~eke !2(BYTE); c.guidance.set.mode; gm.none

escap

abor :=TRUE

-- M else

ELSE

not.valid.key TRUE

IF

abort
SKIPI

TRUE
toSeeker !l(BYTE); c.gui4dance.initialize

-- } I

(BYTE esc)

running FALSE

ELSEI
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6.2.1.20. PROC SecondBuffer (Graphics Buffer) "secondbu.occ"
PROC SecondBuffer ( CHAN OF ANY in, fromNext, toPrev,

VAL INT position, shift

-- {{ constants

-- {{{ variables
[2] [641 INT input.buffer
INT count

-- {{{ channels
CHAN OF ANY synch, internal
-- } }
-- {{( Receiver
PROC Receiver ( CHAN OF ANY in, out, [2] [64] INT buffer

INT i
SEQ

i :=0
WHILE TRUE

SEQ
in ? buffer[i]
out ! i
i := -I i_1}-)

-- {{{ Extractor
PROC Extractor ( CHAN OF ANY internal, in, out,

VAL INT count

-- (if variables
[2] [64) [2] BYTE buffer
INT output
--I}H
SEQ

internal ? buffer[0]
output := 0
WHILE TRUE

SEQ
SEQ i = 0 FOR count

SEQ
PAR

out ! buffer[output]
in ? buffer[ 1-output ]

output := 1 - output
PAR

out ! buffer[output]
internal ? buffer[l-output]

output := 1 - output

-- II }

-- {{ Formatter
PROC Formatter ( CHAN OF ANY synch, out,

[2][64] INT input.buffer

-{{ variables
[21[64][4] BYTE b.in RETYPES innut.buffer
[64][21 BYTE buffer
[64*2] BYTE bufferl RETYES buffer
:NT in.ptr

i '2E
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WHILE TRUE
SEQ

--{{ { form message in buffer
SEQ

synch ? in.ptr

source IS input.buffer[in.ptr]
INT p
SEQ

p := 0
SEQ i = 0 FOR 64

INT store
SEQ m

store := source~i] >> shift
-- ( { check for zeroing store
IF

store = 0
IF

source Ci] <> 0
store 1

TRUE I
store 128

TRUE
SKIP

--IIII
bufferl[p] := BYTE store
bufferl[p+l] BYTE store
p := p + 2

out buffer

SEQ

IF
position < 8

count :- 7 - position

TRUE
count 15 - position

PRI PAR
PAR

Receiver( in, synch, input.buffer I
Extractor( internal, fromNext, toPrev, count

Formatter( synch, internal, input.buffer I
I
I
U
I

1175 I
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6.2.1.21. PROC SP (Signal Processing) "sp-occ"
PROC SP ( CHAN OF ANY in, out, frornPrev, toPrev, frornNext, toNext,

VAL INT position

#INCLUDE I's header.inc"
-- ((( constantsI ALpake~lngh SVAL nurn.packets ~ 5 (128 * 8) / packet.length

VAL fraction.bits is 8:
VAL tolerance is 4:

PROC ProcessFrame ( CHAN OF ANY in, out,
VA INT lower.threshold, upper-threshold,

[18[81 INT Gain, Offset,
ITmax.data, max.row, max.col

3 -- {U constants
VAL l.thr is lower.threshold << fraction.bits
VAL u.thr is upper.threshold << fraction.bits
-- M1
-- (({ ProcessRowU PROC ProcessRow ([packet.length] INT data, gain, offset, VAL INT

row

SEQ i = 0 FOR packet.length
INT value
SEQ

value :=(data [i] TIMES gain(i]) + offset [i)IIF value < l.thr
data[i] := 0

value > u.thr
data~i) : upper.threshold

TRUEid o so

data(i] value >> fraction.bits

max.data data [i]
rnax.row row
max.col

TRUE
SKIP

-{{ retype array to packet.lengthU ~[nurn.packetsJ (packet.1ength] INT p.offse RETYPES Offse
rnum.packets] [packet.length) INT p.gaine RETYPES Gaine

-- i{f variablesI :NT in.ptr, out.ptr, process.ptr, temp
L3 [3]packet.length] INT buffer
?:,ACE buffer IN W4ORKSPACE

I SEQ {initialize

3 ~nrocess.ptr 1

3 106
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out.ptr 0

max.data -1
max.row :=0

max.col 0I

-- U get first row
in ? buffer[O)

-- (I( get second row and process first row
PRI PAR

in ? buffer(1]
ProcessRow( buffer[O], p.gain(1], p.offset(II, 0

--Hf do middle rows
SEQ row = 1 FOR (num.packets-2)

SEQI
PRI PAR

PAR
in ? buffer(in.ptr]
out ! buffer~out.ptr]I

ProcessRow( buffer(process.ptrl, p.gain[row], p.offset~row],
row

temp := out.ptr
out.ptr :=process.ptrI
process.ptr := in.ptr
in.ptr :=temp

-- I I
--f{{ process last rowI
VAL i IS num.packets-1
PRI PAR

out !buffertout.ptr]
ProcessRow( buffer[process.ptrl, p.gain(i], p.offfset~i], i

--~ff( output last row

out !buffer! process.ptr

-- (H( determine actual max.col position
max.col :=(max.col << 4) + position

--ff1 CalibrateFrame
?ROC CalibrateFrame ( CHAN CF ANY in, ouit,

VAL TNT c.frame, c.level,I
[128] (8] TNT Gain, Offset

-(f global variables
TNT DO, D1, dO, delta.D, half.range

_I Pocss
-- M roesfo
PROC ProcessRow ( [packet.length] TNT data, gain, offset

IF
c.frame =0

gain data

TRUEI
SEQ i =0 FOR packet.length

SEQ
previcus~pxl gi~
delta.p := daza[cL.1

delta.c < >:Liersnce

107



Final Report

-(H dead pixel
SEQ
gain~i] : 0
offset(i] (previous.pixel - tolerance) <<I fraction .bits

TRUE
--H( normal pixelI SEQ
gain(i) : delta.D / delta.p
offset[i] :=(dO - (gairn(i) TIMES previous.pixel)) +j half. range

-(f retype array to packet.lengthI (num.packets) (packet.length] INT p.gain RETYPES Gain
[num.packets] (packet.length) INT p.offset RETYPES Offset
--IlII
--((f variablesI INT in.ptr, out.ptr, process.ptr, temp
(3) [packet.length] INT buffer
PLACE buffer IN WORKSPACE

I SEQ
__-f({ set up calibration
IF
c.frame = 0I DO :=c.level
TRUE

SEQ
Dl := c.levelIdelta.D :=(Dl - DO) << fraction.bits
dO :=DO << fraction.bits
half.range :=1 << (fraction.bits-l)

I in.ptr :=2
process.ptr :=1
out.ptr :-0
--ff1 get first rowI in ? buffer[O]
-- I I
-- fft get second row and process first row
PRI PARI in ? buffer fl.

ProcessRow( bufferEOl, p.gain~l], p.offset(l]

_-I
--fit do middle rows1 SEQ row = 1 FOR (num.packets-2)

SEQ
PRI PAR

PAR
in ? buffer,1in.ptr]
out !buffertout.ptr]

ProcessRow( buffer[process.ptr], p.gain[rowl, p.offset[rrow)

I temp := ut.ptr
out.ptr :=processptr

in.pr1:% 

p r,: C 3 as f
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out !buffertout.ptrl
ProcessRow( buffer[process.ptrl, p.gain(i], p.offset~il

-- M)
--(It output last row
out ! buffer[ process.ptr I

variables
-(I command variables

BYTE length:
(max.message] INT message
command IS message (0) :
params IS (message FROM 1 FOR (max.message-l)]

-- )I

(1281 (81 INT Gain, Offset:
TNT max.data, max.row, max.col

SEQ
-{{ initialize

WHILE TRUE
SEQ

__-[{{ get command and pass onI
fromPrev ? length: ;message
IF
position < 15

toNext ! length::message

SKIP
-- )HI

-- (({ process ccummand

-- ((( c.sp.frame
c sp. frame
IF IasO

SEQ
ProcessFramne( in, out, params(21, params[3], Gain,

Offsetmax.data, max.row, max.col
--ff{( return hot spot
IF

position < 15I
TNT next.data, next.row, next.coi
SEQ

fromrNext ? next.data; next.rowi; next.cal

Inext.data > max.data
toPrev next.data; next.row; next.col

TRUE

TRUE toPrev max.data; max.row; max.colI

toPrev max.data; rnax.row; max.col

TRUE
CilLr3~i~e(In', out, pararns[C], pararns?7,
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6212.PROC SPConto~ , rmonroller oonr ll spcontro.occ"

Irmrpis orpis fromSP, tS

I PAR
__-({( transfer shift command from guidance to controller
TNT command, shift.x, shift.y
SEQ

WHILE TRUEI SE~from~uidance ? command; shift.x; shift.y
toController ! command; shift.x; shift.y

-{( control SP and give guidance commands
#INCLUDE I's header.inc'
-- ((( varia bles
BYTE length:
[max.message] TNT message
command IS messageto]
params IS (message FROM 1 FOR (max.message-l)]

-- EII SEWHILE TRUE
SEQ

from~ontroller ? length: :messageI -- J{{ Guidance commands
(command >= 1280) AND (command < 1536)
toGuidance !length: :message

-(f Track Display commands
(command >= 1536) AND (command < 1792)
toGraphics ! length: :ressageI -- H)I

-- ((( c.sp.frame
command =c.so.frame

SEQ
toSP !length::messageI IF

params[O] < 0
--- {i( regular frame
TNT max.data, max.row, max.col

fromSP ? max.data; max.row; max.col
toGuidance 12(BYTE); c.guidance.run; 1.I araMs:41; params[51; max.col; max.row; lparams

£RM3 FOR 6]
toGraphics !6 (BYTE) ; c.display. info; 1; [params

F'RCM 4 FOR 4]

I~-- cR~~aliration frame

to~rphis !6(BYTE); c.display.info; 1;
[pararns FROM 4 FOR 4]

-- i c. read. grapbnics
ccrmand = cread. qrnchics3 ~ ~~:NT u~nz

I 1h0
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INT nuxber.of.transfers
[maxGraphicBufferj BYTE graphicsBuffer
SEQ

toGraphics !length: :ressage
froinGraphics ? number.of.transfersI
toController !number.of.transfers
SEQ i = 0 FOR nurber.of.transfers

SEQ
from~raphics ? bufLength: :graphicsBufferI
toController bufLength: :graphicsBuffer
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6.2.1.23. PROC Target "target.occ"
PROC Target ( CH-AN OF ANY frornDown, toDown, ifromUp, toUp,

VAL INT column.position, row.position

#INCLUDE 'Is header.inc"
-- f(( constants
VAL first.row IS row.position TIMES 16
VAL next.first.row IS first.row + 16
-- )H1

-- {{{ SendFrame
PROC SendFrame ( CH-AN OF ANY in, out, (16)][8) REAL32 target,

VAL INT shiift.y, 3hift.X

-{{ variables
INT start.col, crossbar.Offset
INT total.in, duff

TNT output:

12] [8] TN[ I 8 NT bufe
-- H}}
SEQ

crossbar.offset :=shift.x /\A( cacuaeale
start.col :=shift.x >> 4
IF

column.oosition < crossbar.offset
start.col start.col+1

TRUE
SKIP

total.in :=(7 -row.position) << 4
-- H)I

--(([ shift target data
[16] [8*4) BYTE b.buffer RETYPES buffer
[16J'[8*41 BYTE b.target RETYPES target

VAL start IS start.col << 2:

VJAL length IS (8 - start.col) << 2

IF
start <> 32

TMOVE2D( b.target, start, 0, b.buffer, 0, 0, length, 16

TRUE
SKIP

-- Mt send target data
cliff :=shift.y -(row.position << 4)
IF

row.position 7
-{{ no one is above you

I difj < I
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SEQ i duff FOR (16-diff)I
out bufferfi]

SEQ i= 0 FOR diff
-- out bufferfi]

diff < 0
__-[f( start row is below
SEQ

in ? b[O]
SEQ i =0 FOR 16

out buffer[iJ
output 0I
SEQ i = 0 FOR (totai.in -1)

SEQ

Pin ? bMi-output]3

out !bfoutput]
output := 1-output

out !bfoutput]

(duff - 16) <= 0
-- [If start row is in the middle
SEQ

PARI

SEQ i =duff FOR 16-diff
out bufferfi]

SEQ i =0 FOR (total.in - 1)
SEQ

in ? b[l-output]I
out !b[output]

output :=1-output
out !bfoutput]

out 1 buFOeR i] U
SEQ i 0FOeR diff

TRUE
-- H(( start row is in middle of processor further downI

in ? M[O]
output 0=

SEQ i = 0 FOR (127 - shift.y)

PAR
in ? bf1-output]
out !bfou .put]I

output 1= -output
out !b[output]

PAR

in ? bFoutcDut]

out buffer (41
SEQ i=CF'DR ((t tal.in +~ shift.y) -129)

PARI

3
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-{{GetTargetRow

PROC GetTargetRow ( [16][8] REAL32 Target, VAL INT row, [128] INT data

(] REAL32 r.data RETYPES data :
IF
I (row >= first.row) AND (row < next.first.row)

SEQ i = 0 FOR 8
Target[ row-first.row ] [i ] := r.data[ (i*16) +

column.positiun
TRUE

SKIP

-- }}}1

-- ({{ variables
BYTE length
[max.message] INT message
command IS message[0]
parars IS (message FROM 1 FOR (max.message-1))

[max.frames] [16] [16] [8] REAL32 Frame
-- }I
SEQ

-- {{{ initialize last target frame
SEQ r = 0 FOR 64

SEQ c = 0 FOR 8
SEQ o = 0 FOR 4

INT column, row
REAL32 value
SEQS--{{ determine ccl ilue

column := (((c <e 6) + o) + (column.position << 2)) + 1
IF
column < 256

SKIP
TRUE

column := 513 - column
-- H})
-- (if determine row value
row := ((first.row << 2) + r) + 1
IF

row < 256
SKIP

TRUE
row := 513 - row

-- I I
value := REAL32 ROUND( (row * column)
Frame[max.frames-l] [((r/\3)<<2)+o] [r>>2] [c] alue

--}1}

WHILE TRUE
SEQ

-- {(( get command and send up
fromDown ? length::message
IF
I row.position 

< 7
toUp ! length::message

TRUE
SKIP

-ASE comand
-- { { c set target

3114taret
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SendFrame( fromUp, toDown, Frame[ params[O) If[ parans [1) 1,
params(2), params[3)

-- [I c retro

-- c.target.row

GetTargetRow( Frame[ params(O] ]( params [1] 1, params[2l,
(pararns FROM 3 FOR 1281
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6.2.1.24. PROC TargetLead "targetle.occ"
PROC TargetLead ( CHAN OF ANY fromUp, toUp, toDown,

fromPrev, toPrev, fromNext, toNext,
VAL INT column.position

#INCLUDE "s header.inc"
-- {{{ constants
VAL row.position IS 0

VAL first.row IS 0
VAL next.first.row IS 16I --}1}
-- {(( SendFrame
PROC SendFrame ( CHAN OF ANY in, out, [16][8] REAL32 target,3 VAL INT shift.y, shift.x

-- {{{ variables
INT start.col, crossbar.offset
INT total.in, diff
INT output :

[161 [8] INT buffer
[2] [8] INT b--1 1}
SEQ

-- {{{ calculate values
crossbar.offset := shift.x /\ 15
start.col := shift.x >> 4
IF
column.position < crossbar.offset

--- start.col :=start.col + 1
~TRUE

SKIP

total.in := (7 - row.position) << 4
---- I I

-- ({{ shift target data
[16][84] BYTE b.buffer RETYPES buffer

--- [16][8*4] BYTE b.target RETYPES target

VAL start IS start.col << 2 :
VAL length IS (8 - start.col) << 2
SEQ

SIFstart <> 32

MOVE2D( b.target, start, 0, b.buffer, 0, 0, length, 16
TRUE

SKIP

start.col <> 01 I~tMOVE2D( b.target, 0, 0, b.buffer, length, 0, start, 16

TRUE
SKIP

-- }}}I

--{{ send target data
diff := shift.y - (row.position << 4)
IF

row.position = 7
-- (( no one is above you
SEQ

IIF
dif< !

di-ff :=. 0
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TRUE3
SKIP

SEQ i =diff FOR (16-diff)
out bufferfi)

SEQ i =0 FOR duffI

-- )HI
diff < 0

-- H1{ start row is belowI
SEQ

in ? b[01

SEQ i =0 FOR 16I
out !buffer~i]

output :=0

SEQ i = 0 FOR (total.in -1)
SEQ

in ? b[1-output]
out !b~output]

output :=1-outputI
out !b[output]

-- M
(duff - 16) <= 0

--((( start row is in the middle

PAR
in ? b[01

SEQ i =duff FOR 16-diffI
out buffer~i]

output 0
SEQ i = 0 FOR (total.in -1)

SEQ

in2? b(1-output]I
out ! btoutput]

output :=1-outputI

SEQ i= 0 FOR duff
out bufferfi]I

TRUE
-- [(( start row is in middle of processor further down
SEQ

in ? b(0]
output :=0
SEQ i = 0 FOR (127 - shifft.y)

SEQ

PARI
in ? b['1-output]
out !b~output]

output :=1-output
out !b[outputI

in ? bfoutput]
SEQ i =0 FOR 16

out buffer[i]
SEQ i = 0 FOR ((totai.in + shift.y) -1219)

S E
PAR

i n ? b1c:cc

Our
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I --]U]
--- 11]

-- (I( GetTargetRow
PROC GetTargetRow ( [16](8) REAL32 Target, VAL INT row, [128] INT data

[] REAL32 r.data RETYPES data
IF

(row >= first.row) AND (row < next.first.row)
SEQ i = 0 FOR 8

Target( row-first.row )[ i ] := r.data[ (i*16) +
column.position I

TRUE

SKIP

--I 1)
-- (U{ variables
BYTE length :
[max.message] INT message
command IS message[03 :
params IS [message FROM 1 FOR (max.message-1)]

[ax.frames] [16] [16] [8) REAL32 Frame
-- }II
SEQ

-- ( initialize last target frame
SEQ r = 0 FOR 64

SEQ c = 0 FOR 8

SEQ u = 0 FOR 4
IN,: column, row
REAL32 value
SEQ

-- {(H determine col value
column := (((c << 6) + o) + (column.position << 2)) + 1
IF
column < 256

SKIP
TRUE

column := 513 - column
--H)]
-- [(( determine row value
row := ((first.row << 2) + r) + 1

IFrow < 256

SKIP
TRUE

row 513 - row
--III
value REAL32 ROUND( (row * column)
Frame[max.frames-l] [((r/\3)<<2)+o] [r>>2] [c] value--}}

WHILE TRUE

SEQ
-- ( get command and send up and accross
fromPrev ? length::message
PAR

toUp I length::message

IF
column.position < 15

toNext ' length: :message

SKIP

I I 1!
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__-) )) I
CASE command

-- ({{ c.set.target
c set target

SEQI
SendFrame( fromUp, toDown, Frame[ params(I I params(l)

params[21, params [3)
IFclm~oiin= 15

toPrev !0 (BYTE)
TRUE

BYTE synch

fromNext ? synch
toPrev !synch

-{{ c.target.row
c target. row

GetTargetRow( Frame[ params[O) ] [ paramsfll I params[23,

[params FROM 3 FOR 128)
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6212.PROC TrackDisplay O Y roPoP"trackdis.occ"3PROC Takipa HNO N rmP oP

-- { f( libraries 
fo~et~ efo~xt~ 

x

#INCLUJDE "5 -header.inc"
#INCLUDE "gheaier.inc"
#INCLUDE "crtc.inc"

#USE "convert lib"t
#USE "graphics lib"
--#USE "extrio.lib"

-- III1
-- MI display constants
VAL width is 640
VAL height is 480
VAL iine.frequency IS 60000
VAL frame.rate is 90
VAL pixel.clock IS 64000000
VAL interlace is FALSE
-- II I
--- {{{ fonts

#INCLUDE "sys6.inc"
-- I II

---Mf place system variables
[C20*65536)+12801 BYTE screen.map

PLACE screen.map AT screen.int.address

INT DisplayStart:I PLACE DisplayStart AT DisplayStart.addreSS

INT EventMode:
PLACE EventMode AT EventMode.addressI INT SysReady:
PLACE SysReady AT (#00080000 >< (MOSTNEG TNT)) >> 2I TNT Ready:
PLACE Ready AT Ready.address

-- {{(set up multiple screens
VAL screen.offset IS #00000, #50000, #A0000, #FOOOO

VAL screen.address IS [ #00000, #14000, #28000, #3C000

-(I place Event channel
CHAN OF ANY Event
PLACE Event AT 8
__)II

-- (if constants
VAL screen.width IS 640
VAL screen.height IS 480
VAL screen.size IS screen.width *screen.height

IVAL char.wicith is 18
'JAL ch-ar.height IS 33
__H)I

-- MI prccs

PRCset- C"HAN 'IF ANY ,t

3 120
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SEQ 3
SEQ i = 0 FOR 64 -- blue to red scale for

1 to 63
set.colour( out, 0, i, i, 0, 31-(i>>I)

SEQ i = 0 FOR 64 -- adding green and blue
set.colour( out, 0, 64+i, 63, i, i ) - for 64 to 127i

SEQ i = 128 FOR 128 -- green for 128-255
set.colour( out, 0, i, 0, 63, 0 ) I_

set.colour( out, 0, 0, 0, 0, 0 ) -- black for 0

set.colour( out, 0, 128, 30, 30, 30 ) -- grey for 128

-- }} 11
-- ({ center.string
PROC center.string ( [] INT window, (] BYTE screen,

VAL INT cx, sy, VAL (I BYTE string,
VAL [] INT font

INT width
SEQ

string.width( font, string, width
window[ w.cursor.y ] : sy

window( w.cursor.x ] cx - (width >> 1)
write.string( window, screen, string, font ) 5

-- 111

--{ { place.string
PROC place.string ( [1 TNT window, [] BYTE screen,

VAL INT sx, sy, VAL [I BYTE string,
VAL []INT font)

SEQ
window[ w.cursor.y sy
window[ w.cursor.x ] sx

write.string( window, screen, string, font

--111
-- {{ EventProc
PROC EventProc ( CHAN OF ANY Event, in

INT synch, address 5
WHILE TRUE

SEQ
in ? address
Ready :=1
Event ? synch
DisplayStart := address
Readv 0 5

-- 1}1
-- {MI Buffer
PROC Buffer ( CHAN OF ANY in, out )

INT temp
SEQ

WHILE TRUE

SEQI
in ? temo

~I

s..... .. . w n ... w

"AL :-:5.'7E string!, r.Tx, .A - -

['* i
-- I
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I VAL INT start.x, start.y, size.y

SEQ
string.width( font, string2, window[ w.start.x ]Istring.width( font, string2, window[ w.size.x I
window[ w.start.x ] window[ w.start.x ] + start.x
window[ w.size.x ] window[ w.size.x + 1
window[ w.start.y ] start.y
window[ w.size.y ] size.y + 1
window[ w.start ] (screen.width * start.y) + window[ w.start.x

window( w.size ] screen.width * window[ w.size.y
window[ w.pixels.line ] := screen.width
window[ w.foreground.color ] := 255
window[ w.background.color I := 0
window[ w.cursor.x ] 0
window[ w.cursor.y ] 0

--1}1
--(J{ display.text
PROC display.text ( [I INT window, [] BYTE screen,

VAL [] BYTE text, VAL (] INT font

s IS [screen FRCM window[ w.start ] FOR window( w.size ]
SEQ

window[ w.cursor.x ] 0
window[ w.cursor.y = 0
write.string( window, s, text, font

-- }}
-- M{{ place.numbers
PROC place.numbers C [ [] BYTE screen, [] ] ] BYTE char.array,

VAL [] BYTE string,
VAL INT start.x, start.y, size.x, size.y

INT x
SZ:
x := start.x
SEQ i = 0 FOR SIZE string

VAL char IS TNT string[i]
SEQ

IF
--{f( display space character
char = (INT ' ')

VAL source IS char.array[ll
MOVE2D( source, 0, 0, screen, x, start.y, size.x, size.v

-- M display decimal character
char = (INT '.1)
VAL source IS char.arrav[10]
MOVE2D( source, 0, 0, screen, x, start.y, size.x, size.y

-- f{( display number character
T RUE

VAL source :S char.array[char - (INT '0')]
MOVE-2( source, 0, 0, screen, x, start .,, size.x, size-v

x := x + size.x

-- {{ II--fff MAX
PEAL32 FUCT N MAX ( VAL REAL , b

I122
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VALOF 3
IF

a > b
r a

TRUE 1
r b

RESULT rMI-- } }}1
-- (ft MIN

REAL32 FUNCTION MIN ( VAL REAL32 a, b

REAL32 r 3
VALOF

IF
a < b
r a 

TRUE

r b
RESULT r

-- }}}I

-- {(f{ IMAX
INT FUNCTION IMAX ( VAL INT a, b U

INT r
VALOF

IF

TRUE
r b

RESULT r

--I}}

-- (f {{IMIN
TNT FUNCTION IMIN ( VAL INT a, b

INT r
VALOF

IF

r a
TRUE
r :=b

RESULT r

--}}}

-- }}}I
--{{variables

[w.length] INf window
[4][w.length] INT text.window
[i2] [char.height] [char.width] BYTE number

CHAN OF ANY synch, synch!
-- }} I
VAL fmnt IS SYI6
SEQ

se:.B408( 0, , , 0, 7
e ( Prev, widct, hic:h, 1i-e. freuenc, ,
fr3me. rate, I i l-ce

s~e.trum ":Pey )I
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U ~.U( generate display table for numbers
(w.length] TNT window:

(1)char.width*char.height) BYTE n RETYPES numberI SEQ
SEQ i = 0 FOR 12

SEQ j -0 FOR char.width*char.height
n(iJ[j] := 0 (BYTE)I window :~[0, char.width*char.height, char.width,

0, 0, char.width, char.height, 255, 0, 0, 0
SEQ i = 0 FOR 10

display.t'ext( window, n(i), EBYTE( i+(INT '0') )], fontU display.text( window, n[10] ., font)
display.text( window, n[11] " , font)

--)H1
-- ( ( initial displayI [H TNT int.screen RETYPES screen.map
SEQ i = 0 FOR (20*65536)/4

int.screenfi] : 0

I window (0, screen.size, screen.width, 0, 0,
screen.width, screen.height, 255, 0, O 0, 0

screen IS [screen.rnap FROM screen.offset[0I FOR screen.size
SEQ

__-(( draw first window
draw.line( window, screen, 31, ill, 288, 111, 255(BYTE))
draw.line( window, sc7reen, 288, il1, 288, 368, 255(BYTE))Idraw.line( windr-. screen, 31, 368, 288, 368, 255(BYTE))
draw.line( wir.Lac , screen, 31, 111, 31, 368, 255(BYTE))
-- Hl)
-- [H draw -e-cond windowIdraw.line' window, screen, 351, ill, 608, 111, 255(BYTE))
draw.li'e( window, screen, 608, ill, 608, 368, 255(BYTE)
draw.iine( window, screen, 351, 368, 608, 368, 255(BYTE))
dra;..line( window, screen, 351, i11, 351, 368, 255(BYTE))

--{fH draw text
SEQ

font center.strinq( window, screen, 320, 1, "1FPA Seeker Emulator",Ietrstig widwfone,10,7,"a FA!rgefn
center.string( window, screen, 160, 70, "rwesFed iage", font

I centerac.string( window, screen, 0, 0, "Rocse d mae" font

place.string( window, screen, 0, 400, "RangTe: ", font
place.string( window, screen, 30, 40, "imrTmeR: ", font
place.string( window, screen, 350, 400, "Frame Rate:", font

set. text. window ( text.window[0), "Range:", "10123456.789"1, font,
16,400, 32Iset.text. window( :ext.window~l], "Sirn Time: ", 12-3.456"1, font,
16,440, 32

set.text.windcw( text-window[21, "Frame Rate: ","123", font,
350,400, 32

set. text. windcw ( c-,,xt. window [3], "Frame Number: ","123", font,

--fff COMMENT place initial num-bers
--:::A 00'
-- ff{ place initial numbrers

L- !sreiei2<3re~j : EY s' PETYES screen~
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--place.numbers( s2, number, 0.000.. I
text.window[0] (w.start.x],

-- text.window[0J [w.start.yJ, char.width,
char.height)

-- place.numbers( s2, number, tv 0.000"
text.window~l) [w.start.x],

-- text.window(l) [w.start.y], char.width,
char.height)

--place.numbers( s2, number, " 0"1, text.window[21[w.start.xJ,U
-- text.window(2] (w.start.y], char.wid',

char.height
--place.nunbers( s2, number, 11 0", text.window[3] [w.start..x],

char.height- text.windowl3] [w.start.y], char.width,I

[screen.map FROM screen.offset [1) FOR screen.sizeJ screen
tscreen.map FROM screen.offset[2) FOR screen.sizel screen
[screen.map FROM screen.offset[3] FOR screen.size] screen

-- )I)
PRI PAR

--I([ synchronize display to event

EventProc( Event, synchi
Buffer( synch, synchi

-{{variables

INT load

INT framea
REAL32 range, time, rate
TNT len:
(121 BYTE string, stringi

--f(U command variables
BYTE length:
[max.message] INT message
command IS message[0] :
params IS (message FROM 1 FOR max.message-l]
fREAL32 r.params RETYPES params

load :=0
WHILE TRUE

SEQI
fromS2 ? lengch::r-nessage
IF

-- (Uf read graphics display

command = c.read.graphicsI

CASE who
track .di4splay

screen IS [screen.map FRO-M DisplayStart FO ,R

[screcnhe. Il screer-widt.:=7 sZ PRETYFES screen

S?
:S, E ce -, i P n
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toSP !screen.width::s2fi]
-- )III

display .palette

SKIP
-- II I

ELSE
-- ({( image.display 0 or 1
INT nurnber.of.transfers, bufLength
[maxGraphicBufferj BYTE graphicsBuffer
SEQ

toNext !length: :message
fromNext ? nurber.of.transfers
tosp ! number.of.transfers
SEQ i = 0 FOR nuxber.of.transfers

SEQ
fromNext ? bufLength: :graphicsBuffer
tosp ! bufLength::graphicsBuffer

-(I otherwise, normal processing
TRUE

SEQ
__ f(( place range, time, frame number, and frame rate

on screen
screen IS [screen.map FROM screen.offset [load] FOR

screen.size
range IS r.params[l]
time IS r.params(2]
frame IS params[31
rate IS r.params[4]
SEQ
IF

frame >= 0
-- fff display numbers
[screen.height] [screen.width] BYTE s2 RETYPES

screen
SEQ

--(( range
range := MAX( O.Cg1(REAL32), MIN(

9999999.999(R-EAL32), range )
REAL32TOSTRING( len, string, range, 7, 3
place.numbers( s2, number, [string FROM 1 FOR

text.window[0]Ew.start.yJ, 16,
32

-q{ time
time := MAX( 0. 001 (REAL32) , MIN(

999.999(REAL3J2), time
REAL32TOSTR:NG( len, string, time, 3, 3
place.numbers( s2, number, [string FROM 1 FOR

7', tx~iuwIwsat
text.window[lj[w.start.1yj, 16,

frame rate
rate MAX( 0.0(REAL32), MIN( 999.0(REAL32),

,s-rn FROM 0 F;OR 31-

s!tring c2 3-len FOP. ien] [strin. FRM
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place.numbers( s2, number, [string FROM 0 FOR 3
3], text.window[2][w.start.x],

text.window[21[w.start.y], 16,
32 )

-- } } }
--{{H frame number

frame := IMAX( 0, IMIN( 999, frame
INTTOSTRING( len, stringl, frame
[string FROM 0 FOR 3) := " "11
[string FROM 3-len FOR len] := [string' FROM 0

FOR len]
piace.numbers( s2, number, [string FROM 0 FCRP

31, text.window[3][w.start.x, U
text.window.3 [w.start.y:, :6,

32
-- } }}

TRUE
-- {{[ clear the text windows
SEQ i = 0 FOR 4
win IS text.window[i] U
clear.window( win, [screen FROM win] w.star :

FOR win[ w.s ize ]])

-- } } -- I
---{ { update screen

params]0] =

synch I screen.address[load] 1
TRUE

DisplayStart := screen. address[load]
-- il l
load (load + 1) /\ 3

-- III

I
U
I
I
I
I
I

-- I
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6.2.1.26. PROC XBar "xbar.occ"
PROC XBar (CHAN OF ANY fromGuidance, toGuidance)

#INCLUDE I's edric
-{(hardware values

VAL XbarBase IS #0303

PORT OF TNT xbar.data
PLACE xbar.data AT XbarBase

PORT OF TNT xbar.status:I PLACE xbar.status AT XbarBase + 1

CHAN OF TNT Event
PLACE Event AT8
-- M)I -- ({{ constants
VAL localc.guidance.initialize IS 0

VLlocal.c.guidance.run IS 1

INT~t~xbar (VAL TNT value)
PROC INT.to.xbar (VAL TNT value)

SEQ test status

xbar.status ? test.status
WHILE ((test.status /\ #0001) =1)

xbar.status ? test.status
xbar.data !value

-- ~ fo~xa }N vaue

-- (j( INT.from.xbar (NT value)

TNT signal
SEQ

Event ') signal
xbar.data ? value

-- (f{ vector.to.xbar (VAL [IINT value)
PROC vector.to.xbar (VAL H]INT value)

SEQ i = 0 FOP, SIZE( ,alue)I NT.t.o.:xbar (value[i])

-- M}I

-- ffvec7tor.frsm.xbar (H T-NT Value)
PROC vecta.r.frcm.xbar ([:7NT ;valtzie)

£ZQ C FCP S:ZE(valuie)
INT.tro. .xtar (valueti]

Ci 3r t7-11- tf f er -a t:Sta rt UD

!,;' durmy

T 3 ~ r

3S
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CASE (INT command)3
-- M{ initializt,
c .guidance. initialize

INT dummy
SEQI

INT.to.xvoar (local.c.guidance.initialize)

-- (H send and receive dumnmy values to satisfy crossbar
seq~uence r

vector.to.xbar ([0, 0, 0, 0, 0, 0, 0, 0, 0 1)U
vector.to.xbar ([0, 0, 0, 0, 0, 0, 0, 0, 0 1)
[2]INT dummy:
vector, f rom. xbar (dumrmy)

run
cguidance. run
[18]INT data.vectzr -- EL2ragtme 1NT6 x, y,

--[31]REAL,32 seeker.xyz, target.xyz
[2]INT shift.values
SEQ

fromGuidance ? data.vectorI
INT.to.xbar (local.c.guidance.run)
vector.to.xbar (data.vector)
vector.from.xbar (snif't.values)

toGuidance shiift.valuesI
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6.2.2. Include files
-- {(( system constants
VAL bpw IS 4
VAL bpw.shift IS 2
VAL mint IS MOSTNEG INT

VAL screen.int.address IS (#80100000 >< mint) >> bpw.shift
VAL DisplayStart.address IS (#00000000 >< mint) >> bpw.shift
VAL InterlaceEnable.address IS (#000C0000 >< mint) >> bpw.shift
VAL EventMode.address IS (#00100000 >< mint) >> bpw.shift
VAL OutputEnable.address IS (#00140000 >< mint) >> bpw.shift
VAL Ready.address IS (#00040000 >< mint) >> bpw.shift
-- }111

-- {{{ window constants
VAL w.start IS 0
VAL w.size IS 1

VAL w.pixels.line IS 2
VAL w.start.x IS 3
VAL w.start.y IS 4
VAL w.size.x IS 5

VAL w.size.y IS 6
VAL w.foreground.color IS 7
VAL w.background.color IS 8
VAL w.cursor.x IS 9
VAL w.cursor.y IS 10
VAL w.length IS 11
-- 111
-- ({( text drawing modes
VAL normal.mode IS 0
VAL foreground.mode IS 4
VAL and.mode IS I
VAL or.mode IS 2
VAL xor.mode IS 3
-- }}
-- M window decisions
VAL in.range IS 0
VAL part.inrange IS 1
VAL not.inrange IS 2

--{{ font file format
VAL dfVersion.p IS 0 --2
VAL dfSize.p IS 2 --4
VAL dfCopyright.p IS 6 : -6
VAL dfType.p IS 66 --2
VAL dfPoints.p IS 68 --6

VAL dfVertRes.p IS 70 -- 2
VAL dfHorizRes.p IS 72 -- 2
VAL dfAscent.p IS 74 -- 2
VAL dfinternalLeading.p IS 76 -- 2
VAL dfExternalLeading.p IS 78 -- 2
VAL dfItalic.p IS 80 : -
VAL dfUnderline.p IS 81 : --
VAL dfStrikeOut.p IS 82 --1
VAL dfWeight.p IS 83 -- 2
VAL dfChar3et.p IS 85 --1
VAL dfPixWid'h.p IS 86 --2
VAL dfPixHeijht.p IS : -- 2
VAL dfPitchAndFanily.p IS 90 -- 1
VAL dfAvWidthp is 91 -- 2
VAL dMa,,id .. p :S 93 -- 2
VAL dfFirsthar.p i '5 -- 1
VAL !fLastChar.p :S K -- I
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VAL dfDefaultChar.p IS 97 --1 3
VAL dfBreakChar.p IS 98 --1
VAL dfWidthBytes.p IS 99 --2
VAL dfDevice.p IS 101 --4
VAL dfFace.p IS 105 --4 1
VAL dfBitsPointer.p IS 109 --4
VAL dfBitsOffset.p IS 113 -- 4
VAL CharTable.p IS 118 --

-- {{{ font specification offsets
VAL fs.PixWidtn IS 0
VAL fs.PixHeight IS 1
VAL fs.FirstChar IS 2
VAL fs.LastChar IS 3
VAL fs.BitsOffset I3 4
VAL fs.size IC 5 3

I
I
I
I
I
I
I
I
I
I
I
I

AI
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I -- f{( misc. constants
VAL max.message 1S 205:
VAL max.frames IS 210:

V AL max.sim.frames IS 2000:

-- {[{ commands
-_ Controller commands -- parameters for commands
VAL c.start.frame is 0 -- frameIVAL c.run.single is 1
VAL c.run.continuous is 2
VAL c.frame.rate is 3 -- start; frames; [frames]
dataIVAL c.frame.time is 4 -- start; frames; [frames]
data
VAL c.frame.range is 5 -- start; frames; [frames]
data
VA c.sim.position is 6 -- variable; start; frames; [
data
VAL c.sim.start.frames is 7 -- first.frame; last.frame
VAL c.test.controller is 8UVAL c.restart is 9
VAL c.set.calibration is 10 -- back.levelO; back.levell;

-sp.levelO; sp.levell

I -- GTSEI commands
VAL c.set.crossbar IS 256 -- shift

-_ Target commandsIVAL c.set.target is 5 12-
frame;subpixel; row.shift;col .shift
VAL c.target.row is 513 -

frame;subpixel;row; [128]data

VLc.test.target IS 514

-_ Background commands
V AL c.set.background IS 768 -- frameIVAL c.background.row IS 769 -- frame; row; [128] data
VAL c.gain.row IS 770 -- row; [128] data
VAL c.offset.row IS 771 -- row; [128] data
V AL c.global.scale IS 772 -- scaleIVAL c.test.background IS 773
VAL c.calibration.frame IS 774 -- calibration.level

-_ Signal Processing commands
VAL c.so.frame IS 102 4 -- calibration.frame;
calibration, level;

-- lower.threshold;
upper. threshold;I -- frame.range; frame.time;

-frame.number; frame.race;
-- [61seeker.target.position

-- Guidance commandsIVAL c.guidiance.initialize IS 1280
VAL c.guidance.set.mode IS 1281 -- mode
VA L c.guidance.run IS 12 82 -- FPA; ftrame. range;
f rame. -ime;

colurmn.hot.spot;

row~ot. spot -- [3]seeker.positifl;

3 -- [3)target.position

.-rack Display cmmands
-I ca 4 in f :S 1536 -- FPA: frarme.ranae;
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-- frame.number; frame.rate

-- command for reading graphics buffers or palette
VAL c.read.graphics IS 2000 -- display-- I I

-- {{( commands for continuous frame operation
VAL cc.exit IS 0 :
VAL cc.shift.image IS 1 : -- column.shift; row.shift t
-- III}
-- {{( variables in position
VAL p.seeker.x IS 0
VAL p.seeker.y IS 1
VAL p.seeker.z IS 2 :
VAL p.target.x IS 3
VAL p.target.y IS 4
VAL p.target.z IS 5
VAL p.length IS 6

--{{{ guidance mode constants
VAL gm.none IS 0 :
VAL gm.external IS 1 :
VAL gm.internal IS 2 :
--ill
-- (V{ graphics read constants
VAL image.display.0 IS 0 :
VAL image.display.l IS 1

VAL track.display IS 2
VAL display.palette IS 3 :

VAL maxGraphicBuffer IS 640
-- I I

i
i
i
I
i
I
I
I
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VAL SYS6 IS (#44DA0200,#6F430000,#69727970,#20746867,
#20296328,#37383931,#6F535A20,#43207466,#6F70726F,#69746172,#6E6F
#0 ,,#0 ,#0 ,#0 ,#12C0008
#18012C ,#2 ,#90000000,#10FF01 ,#10300020,#1001000 ,#1F2DFF
#47602 ,#4A800 ,#0 ,#4DA00 ,#100000 ,#1004DA ,#10051A
#10055A ,#10059A ,#1005DA ,#10061A ,#10065A ,#10069A ,#1006DA
#10071A ,#10075A ,#10079A ,#1007DA ,#10081A ,#10085A ,#10089A
#1008DA ,#10091A ,#10095A ,#10099A ,#1009DA ,#100AlA ,#100A5A
#100A9A ,#100ADA ,#100BIA ,#100B5A ,#100B9A ,#100BDA ,#100ClA
#100C5A ,#100C9A ,#100CDA ,#100DlA ,#100D5A ,#100D9A ,#100DDA
#100EIA ,#100E5A ,#100E9A ,#100EDA ,#100FlA ,#100F5A ,#100F9A
#100FDA ,#10101A ,#10105A ,#10109A ,#1010DA ,#10111A ,#10115A
#10119A ,#1011DA ,#10121A ,#10125A ,#10129A ,#1012DA ,#10131A
#10135A ,#10139A ,#1013DA ,#10141A ,#10145A ,#10149A ,#1014DA

#10151A ,#10155A ,#10159A ,#1015DA ,#10161A ,#10165A ,#10169A

#1016DA ,#10171A ,#10175A ,#10179A ,#1017DA ,#10181A ,#10185A
#10189A ,#1018DA ,#10191A ,#10195A ,#10199A ,#1019DA ,#lO1AlA
#101A5A ,#101A9A ,#101ADA ,#lO1BlA ,#l01B5A ,#11B9A ,#101BDA

#101CIA ,#11C5A ,#11C9A ,#101CDA ,#1O1DlA ,#101D5A ,#101D9A
#101DDA ,#1O1ElA ,#101E5A ,#101E9A ,#101EDA ,#I01FlA ,#101F5A ,
#101F9A ,#101FDA ,#10201A ,#10205A ,#10209A ,#1020DA ,#10211A ,
#10215A ,#10219A ,#1021DA ,#10221A ,#10225A ,#10229A ,#1022DA ,
#10231A ,#10235A ,#10239A ,#1023DA ,#10241A ,#10245A ,#10249A ,
#1024DA ,#10251A ,#10255A ,#10259A ,#1025DA ,#10261A ,#10265A ,
#10269A ,#1026DA ,#10271A ,#10275A ,#10279A ,#1027DA #10281A ,
#10285A ,#10289A ,#1028DA ,#10291A ,#10295A ,#10299A ,#1029DA ,
#102AiA ,#102A5A ,#102A9A ,#102ADA ,#102BlA ,#102B5A ,#102B9A ,
#102BDA ,#102ClA ,#102C5A ,#102C9A ,#102CDA ,#102DlA ,#102D5A ,

#102D9A ,#102DDA ,#102ElA ,#102E5A ,#102E9A ,#102EDA ,#102FlA ,
#102F5A ,#102F9A ,#102FDA ,#10301A ,#10305A ,#10309A ,#1030DA ,
#10311A ,#10315A ,#10319A ,#1031DA ,#10321A ,#10325A ,#10329A ,
#1032DA ,#10331A ,#10335A ,#10339A ,#1033DA ,#10341A ,#10345A ,
#10349A ,#1034DA ,#10351A ,#10355A ,#10359A ,#1035DA ,#10361A ,
#10365A ,#10369A ,#1036DA ,#10371A ,#10375A ,#10379A ,#1037DA ,
#10381A #10385A #10389A #1038DA #10391A ,#10395A #10399A
#1039DA ,#103AlA ,#103A5A ,#103A9A ,#103ADA ,#103BlA ,#103B5A ,
#103B9A ,#103BDA ,#103ClA ,#103C5A ,#103C9A ,#103CDA ,#103DlA ,
#103D5A ,#103D9A ,#103DDA ,#103ElA ,#103E5A ,#103E9A ,#103EDA ,
#103FIA ,#103F5A ,#103F9A ,#103FDA ,#10401A ,#10405A ,#10409A ,
#1040DA ,#10411A ,#10415A ,#10419A ,#1041DA ,#10421A ,#10425A ,
#10429A ,#1042DA ,#10431A ,#10435A ,#10439A ,#1043DA ,#10441A ,
#10445A ,#449A ,0 ,#0 ,#0 ,#0 ,#0
#0 ,o #0,#0 ,o #0 to #0,# ,#
#74737953, #36206D65, #34206400, #0 ,o #0 , 0 #
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#lCEOF07,
#76763838,#70707676,#77777070,#1ElC3B3B,#70F ,#0 ,
#3878FOE0,#6E6EIClC,#EOE6E6E ,#EEEEOEOE,#7838DCDC,#EOF0 ,#0
#0 ,#1FlFOF07,#79793F3F,#7F7F7979,#78787F7F,#lFlF3C3C,#70F
40 ,0 ,#F8F8FOE0,#9E9EFCFC,#FEFE9E9E,#lElEFEFE,#F8F83C3C,
#EOF ,#0 ,#0 ,#7F7F3ElC,#7F7F7F7F,#1FlF3F3F,#7070FOF ,
#1010303 ,#0 ,#0 o,# ,#7F7F3ElC,#FFFFFFFF,#FCFCFEE,

#FOFOF8FS,#COCOEOE0,#8080 ,#0 ,0 ,#1010000 ,#7070303 ,

#1FIFOFOF,#7070FOF ,#1010303 ,#0 ,#0 ,#0 ,#COC08080,
#FOFOEOE0,#FCFCF8F8,#FOFOF8F8,#COCOEOE0,#8080 ,#0 ,#0
#7070301 ,#3030707 ,#7F7F7D39,#397D7F7F,#1010101 ,#303 ,0
#0 ,#FOFOEOC0,#EOEOFOF0,#FFFFDFCE,#CEDFFFFF,#COCOCOCO,#EOEO
#0 ,#0 ,#1010000 ,#7070303 ,#1FlFOFOF,#ID3D3F3F,#1010101
#303 ,#0 ,#0 ,#COC08080,#FOFOEEO,#FCFCF8FS,#DCDEFEFE,
OCCCOCOC0,#ECEO ,#0 ,#0 ,#0 ,#0 ,#7070703
#3070707 ,#0 ,#0 ,#0 ,#0 ,#0 ,#0
#:-42EOECCO,#COEOECE0,#0 ,#0 ,#0 .10 ,#FFFFFFFF,
#FFFFFFFF,#F8FSBFBFC, #FC 3F bFS,#FFFF'F,4FF.TFFFF,#FPcFF7E?,#"'BFFF

#P'FFFF F,#F7F' FFFT , #IF IFF3F,#32F 'IFIF , F FTF ',#FFTFFFFF,#FFFFFFF,
#FFFF ,#0 ,#0 ,#!ClEOFO7,#38383838,#70F-EIC ,#0
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#0 ,#0 •#0 ,#0 ,#3878FOE0,#IC!ClCIC,#EOF07838, U
#0 ,#0 ,#0 ,#FFFFFFFF,#FFFFFFFF,#E3ElFOF8,#C7C7C7C7,
#F8FOEIE3,#FFFFFFFF,#FFFFFFFF,*FFFF ,#FFFFFFFF,#FFFFFFFF,#C7870F1F,

#E3E3E3E3,#1FOF87C7,#FFFFFFFF,#FFFFFFFF,#FFFF ,#0 ,#303
#!FOFOOOO,#70703838,#38387070,#FIF ,#0 ,#0 ,#0 i
#3EIEFEFE,#E6E67676,#7070EOE0,#EOE07070,#80CO ,#0 ,#0
#EOE0703 ,#!C1ClClC,#3070EOE f#1010101 •#1010707 ,#101 ,#0
#0 ,#3838FOE0,#ICICICIC,#EOF03838,#COCOCOCO,#COC0FOFO,#COCO
#0 ,#0 ,#3030303 •#3030303 ,#3030303 ,#1FOF0303,#FlF3F3F ,
#0 ,#0 ,#0 ,#9C9CF8FO,#80808E8E,#80808080,#80808080,
#808080 ,#0 ,#0 ,#0 •#7070707 ,#7070707 ,#7070707 ,
#3FIF0707,#!E3F7F7F,#0 ,40 ,#0 ,#707FFFF ,#707FFFF ,
#7070707 •#7070707 ,#7F7F3FIF,#1E3F ,#0 ,#0 ,#39390101, I
#70FlD.D ,#7C7C1COE,#FO70EIC ,#39391DD,#101 ,#0 *0 ,

#CECECOCO,#FOF8DCDC,#!FIFIC38,#F8F0381C,#CECEDCDC,#COCO #0
#0 ,#3E3C3830,#3F3F3F3F,#3F3F3F3F,#3F3F3F3F,#3C3E3F3F,#3038 f
#0 •#0 •#0 ,#EOC08000,#FCFCF8FO,#COEOFOF8,#80 ,
#0 ,#0 ,#0 ,#0 ,#7030100 ,#3F3FlFOF,#3070FlF ,
#1 ,#0 ,#0 ,#0 ,#7C3ClCOC,#FCFCFCFC,#FCFCFCFC,
#FCFCFCFC,#3C7CFCFC,#C!C #0 ,#0 •#1010000 ,#7070303 ,
#I010FOF •#FOF0101 •#3030707 •#101 ,#0 •#0 •#COC08080, I
#FOFOEOEO,#COCOF8F8,#F8F8COCO,#EOEOFOFO,#8080COC0,#0 #0 ,
#3C3C3C18,#3C3C3C3C,#!83C3C3C,#18181818,#3C180000,#183C ,#0 1
#0 ,#3C3C3C18,#3C3C3C3C,#183C3C3C,#18181818,#3Cl80000,#183C
#0 ,#0 ,#737B3F!F,#73737373,#7B737373,#3031F3F •#3030303 ,
#303 ,#0 ,#0 ,#9C9CFFFF,#9C9C9C9C,#9C9C9C9C,#9C9C9C9C,

#9C9C9C9C,#9C9C ,#0 ,#0 ,#383CIFCF,#ElC3838 ,#1ClCOF07,
#70F #IlEIC0000,#70F ,#0 ,#0 ,#3878FGE0,#0,

#3838FO02,#3870EOF0,#3CICICC,#FOF8 ,#0 ,#0 ,#0
#0 ,#0 ,#FOFOFOF ,#FOF ,#0 ,#0 ,#0 ,
#0 •#0 ,#0 ,#FOFOFOFO,#FOFO •#0 ,#0
#0 ,#1010000 ,#7070303 ,#1010FOF ,#FOF0101 •#3030707 ,#1FO00101,
*0 ,#0 , #COC08080,#FOFOEOEO,#COCOF8F8,#F8F8COCO,#EOEOFOFO, n
#FC8OCOC0,#0 ,#0 •#1010000 ,#7070303 ,#010FOF ,#1010101 ,

#1010101 ,#101 ,#0 ,#0 ,#COC08080,#FOFOEOEO,#COCOF8F8,
#COCOCOC0,4COCOCOCO,#COC0O #0 ,#0 ,#1010000 ,#1010101 ,
#1010101 ,#FOF0101 ,#3030707 ,#101 ,#0 ,#0 ,#COCO0000, I
#COCOCOC0,#COCOCOCO,#F8F8COCO,#EOEOFOFO,#8080COC0,#0 ,#0 ,
#0 ,#1010101 ,#7F7F0101,#1010101 ,#101 ,#0 ,#0 f
#0 •#0 ,#FOEOC080,#FEFEFCF8,#EOFOF8FC,#80C0 ,#0
#0 ,#0 ,#0 ,#F070301 ,#7F7F3F1F,#70F1F3F ,#103
#0 ,#0 ,#0 ,#0 ,#80808C80,#FEFE8080,#80808080,
#8080 ,#0 ,#0 ,#0 ,#0 ,#38380000,#38383838,
#3F3F ,#0 •#0 ,#0 ,#0 •#0 ,#0
#0 ,#FCFC ,#0 ,#0 ,#0 ,#0 ,#0
#E060000 ,#7F7F3EIE,#6OElE3E ,#0 ,#0 ,#0 ,#0
#0 ,#70600C00,#FEFE7C78,#6070787C,#O ,#0 •#0
*0 ,#0 ,#1010000 •#7070303 ,#!FlFOFOF,#3F3F ,#0
#0 ,#0 ,#0 ,#80800000,#EOEOCOCO,#F8F8FOFO,#FCFC
40 ,#0 ,#0 ,#0 ,#3F3F0000,#FOFIFlF ,#3030707
#101.  ,40 ,00 ,#0 ,#0 ,#FCFC0000,#FOFOF8F8,
#C3CUE0,#8C80 ,#0 •#0 •#0 ,#0 •#0 f
0 •#0 #0 #0 #0 ,#0 #0

40 ,#0 •#0 ,#0 ,#0 •#0 •#0,
#FOFOF07 ,#F0FOFOF •#70FOFOF •#7070707 •#F070000 ,#70F •#0
#0 ,#80808000,480808080,#808080 ,#0 ,#80000000,#80 ,
#0 •# •#EOEOEOE ,#60606 ,#0 ,#0 ,#0,

#0 •#0 #0 ,70707070,#606060 •#0 ,#0
,#, 3#0 #EOEO000 ,#3F3FOEOE,#EOECEOz-'• I

#3F3F0EZCE,#EOEOOE ,#0 ,#0 ,#0 ,#70700000,#FCFC7070,
#7C-070-0, #FCFCT70, 1707C07,#, #0 , #0 ,#1010101
*393DITOE', *F:F39 ,01 ,I011FIF ,#101 ,#0 ,#0

C 'ccC C, ........ -... . ,#DECECEDE,#C0COF8FC,#COC0 1#0
::], : :'= i 37_ ... , I010 00 ,#7070303 ,# 1 COEOE,#-3138 f
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Final Report

#0 ,#0 ,#iClCOEOE,#70703838,#COCOEOEO,#8080 #66667E3C,
#3C7E ,#0 ,#0 ,#lClCOF07,#1ClClClC,#7OFlDlD ,#713BlFOF,
#38707070,#FIF ,# 10 ,EOEOC080,#EOEOEOEO,#8080COC0,
#F89COEOO,#F870FOFO,#8EDE ,#0 ,#0 ,#1030301 ,#3030100 ,
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#EOEOEOCO,
#80COEO ,#0 ,#0 ,#0 ,#0 ,#0 ,#0
#7070301 ,#7070707 ,#7070707 ,#7070707 ,#7070707 ,#103 #0
#0 ,#80FOFO ,#0 ,#0 ,#0 ,#80000000,#FOFO
#0 ,#0 ,#707 ,#0 ,#0 ,#0 ,#0
#707 ,#0 ,#0 ,#70FOEOCO,#70707070,#70707070,#70707070,
#F0707070,#COEO ,*0 ,#0 ,#0 ,#EOElClC ,#7F7F0707,
#EOE0707 ,#1C!C ,#0 ,#0 ,#0 ,#0 ,#70703838,
#FEFEE0EO,#7070EOE0,#3838 ,#0 ,#0 ,#0 ,#0
#3030000 ,#3F3F0303,#3030303 ,#0 ,#0 ,#0 ,#0
#0 ,#80800000,#F8F88080,#80808080,#0 #0 ,#0
#0 ,#0 ,#0 ,#0 ,#0 ,#F070000 ,#703070F
#COE ,#0 ,#0 ,#0 ,#0 ,#0 ,#80000000,
#808080 ,#0 ,#0 ,#0 ,#0 ,#3F3F0000,#0 I
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#F8F80000,
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#0
#0 ,#0 ,#F070000 ,#70F ,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#80000000,#80 ,#0 ,#0
#0 ,#0 ,#1010000 ,#7070303 ,#lClCOEOE,#3838 ,#0
#0 ,#1ClCOEOE,#70703838,#COCOEOE0,#8080 ,#0 ,#0
#0 ,#0 1 #383ClFOF,#38383838,#39393838,#3E3E3B3B,#3C383C3C,
#FIF ,#0 ,#0 ,#1C3CF8FO,#7C7C3C3C,#9C9CDCDC,#!ClClCIC,
#3CIClCIC,tFOF8 ,#0 ,#0 ,#FOF0703 ,#1010101 ,#1010101 ,
#1010101 ,#1010101 ,#1FlF ,#0 ,#0 ,#COCOCOCO,#COCOCOCO,
#COCOCOCO,#COCOCOCO,#COCOCOCO,#FCFC ,#0 ,#0 ,#1ClEOFO7,
#0 ,#0 ,#7030100 ,#38381COE,#3F3F ,#0 ,#0 1
#IC3CF8FO,#1CICICIC,#70381C1C,#8OCOEO ,#0 ,#FCFC ,#0
#0 ,#1ClEOF07,#0 ,#3030000 ,#0 ,#1ElCOOOO,#70F
*0 ,#0 ,#1C3CF8FO,#1ClClClC,#FOF0381C,#1ClClC38,#3ClClClC,
#FOF8 ,#0 ,#0 ,#3030100 ,#EOE0707 ,#38381ClC,#7F7F7070,
#0 ,#0 ,#0 ,#0 ,#FOFOFOFO,#70707070,#70707070,
#FEFE7070,#70707070,#7070 ,#0 ,#0 ,#38383F3F,#38383838,
#3F3F ,#0 ,#3C380000,#FlF ,#0 ,#0 ,#F8F8
#0 ,#1C3CF8FO,#lClClClC,#3ClClClC,#FOF8 ,#0 ,#0
#383ClFOF,#38383838,#3F3F3838,t38383838,#3C383838,tFlF ,#0
#0 ,#3878FOE0,#0 ,#F8FOOOOO,#1ClClC3C,#3ClClClC,#FOF8
#0 ,#0 ,#383F3F ,#0 ,#0 ,#0 ,#3030101
#303 ,#0 ,#0 ,#1ClCFCFC,#1ClClClC,#38381ClC,#EOE07070,
#8080COC0,#8080 ,#0 ,#0 ,#383ClFOF,#38383838,#FOFlC38 ,
#3838381C,#3C383838,#FIF ,#0 ,#0 ,#1C3CF8FO,#1ClClCIC,
#FOF0381C,#1CICIC38,#3C1C1C1C,#FOF8 ,#0 ,#0 ,#383ClFOF,
#38383838,#F1F3C38 ,#0 ,#1ClC0000,#70F ,#0 ,#0
#1C3CFSFO,#1C1CICIC,#FCFC1C1C,#IC1C1CIC,#3C!CICIC,#FOF8 ,#0
#0 ,#0 ,#0 ,#70FOF07 ,#0 ,#F070000 ,#70F
#0 ,#0 ,#0 ,#0 ,#808000 ,#0 ,#80000000,
#80 ,#0 ,#0 ,#0 ,#0 ,#70FOF07 ,#0
#F070000 ,#703070F ,*COE ,#0 ,#0 ,#0 ,#808000 ,
#0 ,#80000000,#808080 ,#0 ,#0 ,#0 ,#1010000 ,
#7070303 ,#7070EOE ,#1010303 ,#0 ,#0 ,#0 ,#0
#COCOEOEO,#8080 ,#0 ,#COC08080,#20EO ,#0 ,#0
*0 ,#0 ,#3F3F ,13F3F0000,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#FCFC ,#FCFCOOOO,#0 ,#0 ,
#0 , #0 , #0 , #3030707 ,*101 ,#0 ,#3030101
#707 ,#0 ,#0 ,#0 ,#80800000,#EOEOCOCO,#EOE07070,
*8030COC0,#0 ,#0 ,#O ,#ICIEOF07,#0 ,#1000000 ,
#3030303 ,47030000 ,#307 #,#0 ,#lC3CF8FO,#1ClClClC,
#COE07038,#30808030,#C0BC0C0,#%C0 ,#0 ,#0 ,#lClEOFO7,
#39383388,#3B3B3B35,*3839353B,#1EIC3833,#70F ,40 ,#0
#3878F'QEC,#'FcFCIC, #9cgcgcc, #FCC9C, #0 , #FOF0 ,*0,

#0 ,#EOE0703 ,#IClClClC,#38383838,#38383F3F,#38383838,#3838
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Final Report U
#0 ,#0 ,#7070EOC0,#38383838,#1ClClClC.#1CCFCFC,#1ClClClC, 3
#1CIC ,#0 ,#0 ,#38383F3F,#38383838,#3F3F3838,#38383838,

#38383838,#3F3F ,#0 ,#0 ,#3870EOC0,#38383838,#EOCOE070,
#1CIC3870,#381C!C1C,#EOFO ,#0 #0 ,#383ClFOF,#38383838,
#38383838,#38383838,#3C383838,#FIF ,#0 ,#0 ,#1C3CF8FO, I
#0 ,#0 ,#0 ,#3ClC0000,#FOF8 ,#0 ,#0
#38383F3F,#38383838,#38383838,#38383838,#38383838,#3F3F ,#0
#0 ,#lC3CF8F0,#1ClClClC,#1ClClClC,#1CIClClC,#3ClClClC,#FOF8 f
#0 ,#0 ,#1ClClFlF,#1ClClCIC,#1FlFlClC,#1ClClClC,#1ClClClC,

#1FIF ,#0 ,#0 ,#FCFC ,#0 ,#FOFOOOOO,#0
#0 ,#FCFC ,#0 ,#0 ,#1C1CIF1F,#1C1C1C1C,#1F1F1C1C,
#1CICICIC,#1CIC1CIC,#1C1C ,#0 ,#0 ,#FCFC ,#0
#FOF00000,#0 ,#0 ,#0 ,#0 ,#0 ,#383ClFOF, i
#38383838,#38383838,#38383838,#3C383838,#FIF ,#0 #0
#3878FCE0,#0 ,#FCFCOOOO,#1ClClClC,#1ClClClC,#FCFC ,#0 ,
#0 ,#38383838,#38383838,#3F3F3838,#38383838,#38383838,#3838 ,
#0 0 ,#1ClClCIC,#lClClCIC,#FCFCIClC,#1ClClCIC,#lC!C!C!C,
#ICIC ,#0 ,#0 ,#101OFF ,#1010101 ,#1010101 ,#1010101 , I
#1010101 ,#FOF ,#0 ,#0 ,#COCOF8F8,#COCOCOCO,#COCOCOCO,
#COCOCOCO,#COCOCOCO,#F8F8 ,#0 ,#0 ,#0 ,#0 f
#0 ,#0 ,#1E1C1COO,#70F f#0 ,#0 ,#1CICICIC, I
#1C1CICIC,#1CIC1CIC,#1C1CICIC,#3C1CICIC,#FOF8 ,#0 ,#0 1
#38383838,#39393838,#3F3F3B3B,#39393B3B,#38383838,#3838 ,#0
#0 ,#70703838,#COCOEOEO,#8080 ,#COC08080,#7070EOE0,#3838 f
#0 ,#0 , #1CIC!C1C, #!CIC!C!C,#!CICCC,#1CICICIC, #1CICICC,
#I1F ,#0 ,#0 ,#0 ,#0 ,#0 ,#0 I
#0 ,#FCFC ,#0 ,#0 ,#70706060,#7C7C7878,#77777E7E,

#71717373,#70707070,#7070 1#0 ,#0 ,#7070303 ,#1FlFOFOF,
#77773F3F,#C7C7E7E7,#7078787 ,#707 ,#0 ,#0 ,#3C3C3838, U
#3F3F3E3E,#39393B3B,#38383838,#38383838,#3838 ,#0 #0
#1C1ClCIC, #1C1ClCC,#DCDC9C9C,#7C7CFCFC,#1CIC3C3C,#lCIC ,#0 I
#0 ,#383ClFOF,#38383838,#38383838,#38383838,#3C383838,#FlF ,
#0 ,#0 ,#1C3CF8FO,#1CICICIC,#1CIClC1C,#1CIClClC,#3ClClClC,
#FOF8 ,'0 ,#0 ,#38383F3F,#38383838,#33F3838,#38383838,
#38383838,w,838 ,#0 ,#0 ,#1C3CF8FO,#1C1C1CIC,#FOFS3CIC,
#0 ,#0 ,#0 ,#0 ,#0 ,#1CIEOF07,#38383838,
#38383838,#39383838,#1EIC3839,#70F ,#0 ,#0 ,#3878FOE0,
#1CIC1CIC,#1C1C1C1C,#DCIClC!C,#F878FCDC,#9CDC ,#0 ,#0
#38383F3F,#38383838,#3F3F3838,#38383939,#38383838,#3838 ,#0 ,
#0 ,#IC3CF8FO,#1CICIC1C,#FOF83CIC,#EOEOCOCO,#38387070,#lC1C I
#0 ,#0 ,#381COF07,#1C383838,#103070E ,#0 ,#3C380000,
#F1F ,#0 ,#0 ,#1C3CF8FO,#0 ,#C0800000,#3870En,
#381C1CIC,#EOFO ,#0 ,#0 ,#3033F3F ,#3030303 ,#3030303",
#3030303 ,#3030303 ,#303 ,#0 ,#0 ,#8080F8F8,#80808080,
#80808080,#80808080,#80808080,#8080 ,#0 ,#0 ,#38383838,
#38383838,#38383838,#38383838,#IC383838,#70F ,#0 ,#0 f
#1C1CICIC,#1CIC1CC,#1C!CICIC,#C1C1C1C,*38lClC1C,#EOFO #0
#0 ,#38383838,#38383838,#38383838,#EOElClC ,#3030707 ,#101
#0 ,#0 ,#EOEOEOE ,#EOEOEOE ,#EOEOEOE ,#38381ClC,#EOE07070,
#COCO ,#0 ,#0 ,#70707070,#70707070,#39393939,#3F3F3B3B,
#IE1E1F1F,#1C1C ,#0 ,*0 ,#7070707 ,#87870707,#CECECECE,
#FEFEEEEE,#3C3C7C7C,#1C1C ,#0 f#0 ,#IC1C3838,#7070EOE ,
#1010303 ,#7070303 ,#1ClCOEOE,#3838 ,#0 ,#0 ,#1C1COEOE,
#70703338,#COCOEOEO,#7070EOE0,#1CIC3838,#EOE ,#0 ,#0
#38387070,#EOEICIC f#3030707 ,#1010101 ,#1010101 ,#101 ,#0 1
#0 ,#EOE0707 ,#38381ClC,#EOE07070,#COCOCOCO,#COCOCOCO,#COCO I
#0 ,#0 ,#3F3F ,#0 ,#1010000 ,#7070303 ,#!ClCOEOE,
#3F3F ,#0 ,#0 ,#lClCFEFE,#70703838,#COCOEOEO,#9080 ,

,#FEFE ,#0 ,#0 ,#7070707 ,#7070707 ,#7070707
#7C70707 ,#7070707 ,#707 ,#0 ,#0 ,#FOFO ,#0 f
40 ,#0 ,#0 ,#FOFO ,#0 f#0 ,#38387070,

# ,3030707 ,#101 #0 #0 #0 ,#0 I#0 ,#0 ,#80800000,#ECECCOCO,#3838797C,#!ClC ,#0 ,
.4707 ,0 0 ,#0 ,#0 ,#707 ,
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Final Report

#0 ,#0 ,#7070FOF0,#70707070,#70707070,#70707070,#70707070,
#FOFO ,#0 ,#o ,#3030101 ,#EOE0707 ,#1C1C ,#0
#0 ,#0 ,#0 ,#0 ,#EOEOCOCO,#38387070,#1C1C
#0 ,#0 ,#3 ,#0 ,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#0 ,#7F7F ,#0
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#FEFE
#3010000 ,#1030303 ,#0 ,#0 ,#0 ,#0 ,#0
#0 ,#80COE060,#COEOEOCO,#0 ,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#1COF07 ,#1FOF0000,#3C38383C,
#F1F ,#0 ,#0 ,#0 ,#0 ,#1C3CF8FO,#FCFC!CCI,
#1C1C1CIC,#FCFC ,#0 ,#0 ,#38383838,#31383838,#38383F3F,
#38383838,#38383838,#3F3F ,#0 ,#0 ,#0 ,#0
#1C3CF8FO,#1CICICIC,#3CICICIC,#FOF8 ,#0 ,#0 ,#0
#0 ,#383ClFOF,#38383838,#3C383838,#FlF ,#0 ,#0
#0 ,#0 ,#1C3CF8FO,#0 ,#3ClC0000,#FOF8 ,#0
#0 ,#0 ,#0 ,#383ClFOF,#38383838,#3C383838,#FIF
#0 ,#0 ,#1ClClClC,#1ClClClC,#1ClCFCFC,#1ClClClC,#lClClClC,
#FCFC ,#0 ,#0 ,#0 ,#0 ,#383C1FOF,#3F3F3838,
#3C383838,#F1F ,#0 ,#0 ,#0 ,#0 ,#1C3CFSF0,
#FCFCIClC,#0 ,#F8F8 ,#0 ,#0 ,#EOF0703 ,#EOEOEOE ,
#EOE3F3F ,#EOEOEOE ,#EOEOEOE ,#EOE ,#0 ,#0 ,#3838FOE0,
#0 ,#EOEO ,#0 ,#0 '#0 ,#0 ,#0 1
#0 ,#0 ,#383ClFOF,#38383838,#3C383838,#FlF ,#0
#1F1F ,#0 ,#0 ,#1ClCFCFC,#llCICiCC,#l--lCC'.C,# CLCFCFC,
#3CICIC!C,#FOF8 ,#38383838,#38383838,#38383F3F,#38383838,#38383838,
#3838 ,#0 ,#0 ,#0 ,#0 ,#1C3CF8FO,#1C1C1C1C,
lICCClC,#1CIC ,#0 ,#0 ,#1010101 ,#0 ,11010FOF

#1010101 ,#1010101 ,#1F1F ,#0 ,#0 ,#COCOCOCo,#0
#COCOCOCO,#COCOCOCO,#COCOCOCO,#FCFC ,#0 ,#0 ,#0
#0 ,#I01 ,#0 ,#0 ,#0 ,#1E1C0000,#70F ,
#31313131,#t0 ,#3838F8F8,#31383131,#38313131,#38383831,#78383838,
#EOF0 ,#38383838,#38383838,#38383838,#3F3F3B39,#3838393B,#3838 I

#0 ,#0 ,#0 ,#0 ,#E070381C,#80C0 ,#70EOC080,
#1C38 ,#0 ,#0 ,#1010FOF ,#1010101 ,#1010101 ,#1010101 ,
#1010101 ,11F1F ,#0 ,#0 ,#COCOCOCO,#COCOCOCO,#COCOCOCO,
#COCOCOCO,#COCOCOCO,#FCFC ,#0 ,#0 ,#0 ,#0I71737F7F,#71717171,#71717171,#7171 ,#0 ,#0 ,#0
*0 ,#C7CFFE7C,#C7C7C7C7,#C7C7C7C7,#C7C7 ,#0 ,#0
#0 ,#0 ,#38383F3F,#38383838,#38383838,#3838 ,#0
#0 ,#0 ,#0 ,#1C3CF8FO,#1ClClClC,#1ClClClC,#1ClC
#0 ,#0 ,#0 ,#0 ,#383C1FOF,#38383838,#3C383838,
*F1F ,#0 ,#0 ,#0 ,#0 ,#1C3CF8FO,#1C1C1C1C,
*3CICICIC,#FOF8 ,#0 ,#0 1#0 ,#0 ,#38383F3F,
#38383838,#38383838,#38383F3F,#38383838,#3838 ,#0 ,#0
#lC3CF8FO,#1C1C1C1C,#3C1C1C1C,#FOF8 ,#0 ,#0 ,#0
#0 ,#383CIFOF,#38383838,#3C383838,#FlF ,#0 ,#0
#0 ,#0 ,#1ClCFCFC,#lClClClC,#1ClClClC, #lClCFCFC, #lClClClC,
#1C1C 1#0 ,#0 ,#!C1ClFlF,#1ClClClC,#lClClClC,#lClC
#0 ,#0 ,#0 ,#0 ,#1C3CF8FO,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#0 ,#383C1FOF,#1071E3C,

#3C380000,*FlF ,0 #0 ,0 ,#0 ,#IC3CF8FO,l#E0800000,#3C1C3C78,#FOF8 ,#0 ,#0 ,#7070000 ,#7070707,

#7073F3F ,#7070707 ,#7070707 ,#103 ,#0 ,#0 ,#0
#0 ,#FOFO ,#0 ,#9ClC00D0,#tFOF8 ,#0 ,#0,

#0 ,#0 ,#38383838,#38383838,#3C383838,#FlF ,#0
# #0, #0 ,#1ClClCC,#1ClClClC,#1ClClClC,#FCFC
S'# ,##0 ,#0 ,#1C383838,#EOE1C1C ,#3030707
#101 ,#0 ,#0 ,0 ,#P #1COEOEOE,#38381C1C,
#EOE07070,#COC0O ,#0 ,#0 ,#0 ,#0 ,#70707070,

i#71717171, #3F3F7B7B, #C0vC , #0 , #0 , #0 ,#10,

*87870707,#C7C7C7C7,#7E7EEFEF,#1818 ,#0 ,#0 ,#0
40 ,#C1C33383,#7070EOE ,#1C1COEOE,#3838 ,#0 ,#0
# ,#0 ,#7070330,#COCOEOE0,#7070EOE0,#3128 ,#0
#0 ,#0 ,#0 ,#38383838,#EOEIClC ,#3030707 ,#101
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Final Report

#3030101 ,#707 ,#0 ,#0 ,#EOEOEOE ,#1C1C1C1C,#B8B83838,
#EOEOFOFO,#8080COC0,#O ,#0 ,#0 ,#3F3F ,#3010000 ,
#381COE07,#3F3F ,#0 ,#0 ,#0 ,#0 ,#381CFCFC,
#80COE070,#0 ,#FCFC ,#0 ,#0 ,#1010000 ,#1010101 ,
#30F0301 ,#1010101 ,#1010101 ,#0 ,#0 ,#0 ,#COEOF878, i
#COCOCOCO,#800080C0,#COCOCOCO,#EOCOCOC0,#78F8 ,#0 ,#0

#1010101 ,#1010101 ,#101 ,#1010101 ,#1010101 ,#101 ,#0
#0 ,#COCOCOCO,#COCOCOCO,#cGCO ,#COCOCOCO,#COCOCOC0,#COCo I
#0 ,#0 ,#1030FOF ,#1010101 ,#1 ,#1010101 ,#3010101 , I#FOF ,#0 #0 ,#COC08000,#COCOCOCO,#EO78EOCO,#COCOCCO,
#COCOCOCO,#80 ,#0 ,#0 ,#1FOFO000,#383839 ,#0 1
#0 ,#0 ,#0 ,#0 ,#0 ,#8EOEOOOO,#78FCCE ,
#0 ,#0 ,#0 1#0 ,#0 ,#0 ,#3030101 ,
#EOE0707 ,#38381ClC,#7F7F ,#0 ,#0 ,#0 ,#0 ,

#80800000,#EOEOCOCO,#38387070,#FCFC ,#0 ,#0 ,#0
#0 ,#383ClFOF,#38383838,#38383838,#38383838,#3C383838,#101FlF ,1
#707 ,#707 ,#1C3CF8FO,#0 ,#0 ,#0 ,#3C1COOO,
#COCOFOF8,#EOEOC080,#80C0 ,#1CO00000,#1CIC ,#38383838,#38383838,

#3C383838,#FIF ,#0 ,#0 ,#38000000,#3838 ,#1CICICIC,
_  , CICCC,FC#C ,#0 .#0 ,#1000000 ,#703

#383CIFOF,#3F3F3838,#3C383838,#FIF ,#0 ,#0 4C^E07,^3P-,

#80 ,#1C3CF8FO,#FCFClClC,#0 ,#F8F8 ,#0 ,#0
#7030100 ,#1COE ,#1F1F ,#1FOFOOOO,#3C38383C,#FlF ,#0
#0 ,#70EOC080,#lC38 ,#1C3CF8FO,#FCFClClC,#1ClClClC,#FCFC
#0 ,#0 ,#1CO00000,#1CIC ,#1F1F ,#1FOFOOOO,#3C38383C,
#F1F ,#0 ,#0 ,#38000000,#3838 ,#lC3CF8FO,#FCFCICIC,
#IC1C1C1C,#FCFC ,#0 ,#0 ,#3070ElC ,#1 ,#1FIF
#1FOFOOOO,#3C38383C,#FIF ,#0 ,#0 ,#80000000,#EOCO
#1C3CF8FO,#FCFCIC1C,#1CIC1C1C,#FCFC ,#0 ,#0 ,#6060703
#307 ,#1F1F ,#1FOFOOOO,#3C38383C,#FIF ,#0 ,#0
#6060EOC0,#COEO ,#1C3CF8FO,#FCFClClC,#lClClClC,#FCFC ,#0
#0 ,#0 ,#0 ,#383ClFOF,#38383838,#3C383838,#101OFlF
#1010000 ,#0 ,#0 ,#0 ,#1C3CF8FO,#0 ,#3CIC0000,
#EOCOFOF8,#COE07070,#0 ,#7030100 ,#1COE ,#383C1FOF,#3F3F3838,
#3C383838,#FIF ,#0 ,#0 ,#70EOC080,#lC38 ,#1C3CF8FO,
#FCFCIClC,#0 ,#F8F8 ,#0 ,#0 ,#1C000000,#1CIC ,
#383CIFOF,#3F3F3838,#3C383838,#FIF ,#0 ,#0 ,#38000000,
#3838 ,#lC3CF8FO,#FCFClClC,#0 ,#FSF8 ,#0 ,#0

#103070E ,#0 ,#383ClFOF,#3F3F3838,#3C383838,#FlF ,#0
#0 ,#C0800000,#70E0 ,#1C3CF8FO,#FCFClClC,#0 ,#F8F8 ,
#0 ,#0 ,#1CO00000,#1ClC ,#1010FOF ,#1010101 ,#1010101 ,
#1F1F ,#0 ,#0 ,#38000000,#3838 ,#COCOCOCO,4COCOCOCO,

#COCOCOCO,#FCFC ,#0 ,#0 ,#7030100 ,#1COE ,#1010FOF ,
#1010101 ,#1010101 ,#IF1- ,#0 ,#0 ,#70E0C080,#lC38 f
#COCOCOCO,#COCOCOCO,#COCUCOCO,#FCFC ,#0 ,#0 ,#103070E
#0 ,#1010FOF ,#1010101 ,#1010101 ,#1F1F ,#0 ,#0

#C0800000,#70E0 ,#COCOCOCO,#COCOCOCO,#COCOCOCO,#FCFC ,#0 ,
#0 ,#1CIC1COO,#7030000 ,#38381COE,#38383F3F,#38383838,#3838
#0 ,#0 ,#38383800,#EOCOOOOO,#1ClC3870,#1ClCFCFC,#1ClClClC,
#1C1C ,#0 ,#3000000 ,#70EOE07 ,#7030003 ,#38381C0E,#38383F3F,

#38383838,#3838 ,#0 ,#EOOOOOOO,#F03838F0,#EOCOOOEO,#1llC3870,
#1C1CFCFC,#1CIClC1C,#IC1C ,#0 ,#0 ,#E070301 ,#3F3FOO1C,
#38383838,#38383F3F,#38383838,#3F3F ,#0 ,#EOOOOOOO,#80C0
#FCFC0000,#0 ,#EOEO ,#0 ,#FCFC ,#0 ,#0,

#0 ,#0 ,#3073E3C ,#3F1F0303,#73737373,#1C3E ,#0
#0 ,#0 ,#0 ,#9C9CF870,#FCFC9C9C,#CC8C8080,#78FC
#0 ,#0 ,#7070301 ,#EOEOEOE ,#1C1C1C1C,#38383F3F,#70707070,
#7070 ,#0 ,#0 ,#EOEOFEFE,#EOEOEOEO,#FCFCEOEO,#EOEOEOEO,

#EOECOEO E,#FEFE ,#0 ,#0 ,#7030100 ,#ICOE ,#383C1FF,
#38383838,#3C383838,#FIF ,#0 ,#0 ,#70E0C080,#lC38
# C3CF8F0,#ICICICIC,#3CICIC C,#F F ,#0 ,#0 ,#1CO00000,
4ICIC ,#383CIFOF,#38333838,#3C383838,#FIF ,#0 ,#0

#38000000,#3R39 ,#!C3C-';0,4CIC!C ,C3ClCCC, #FCF8 1#0
*0 ,#103070E #0 ,383CIFCF,#38383838,#3C383838,#FIF 3 I



Final Report

#0 ,#0 ,#C0800000,#70E0 ,#1C3CF8F0,#IC1C1C1C,#3C1C1C1C,
#FOF8 ,#0 ,#0 ,#7030100 ,#1COE ,#38383838,#38383838,
#3C383838,#FlF ,#0 ,#0 ,#70EOC080,#IC38 ,#1CICICIC,
#1C1CIClC,#1CIC1CIC,#FCFC ,#0 ,#0 ,#103070E ,#0
#38383838,#38383838,#3C383838,#FIF ,#0 ,#0 ,#C0800000,
#70E0 ,#1ClClClC,#1ClClClC,#1ClClClC,#FCFC ,#0 ,#0 1
#1CO00000,#1CIC ,#1C383838,#EOE1C1C ,#3030707 ,#101 ,#3030101 ,
#707 ,#1CO00000,#1CIC ,#EOEOEOE ,#lC1ClClC,#B8B83838,#EOEOFOFO,
#8080COC0,#0 ,#1C1C1C ,#383ClFOF,#38383838,#38383838,#3C383838,
#F1F ,#0 ,#0 ,#383838 ,#1C3CF8FO,#1C1C1C1C,#1C1C1CIC,
#3CICICIC,#FOF8 ,#0 ,#0 ,#1C1C1C ,#38383838,#38383838,
#38383838,#3C38383P,#F1F ,#0 ,#0 ,#383838 ,#1C1C1CIC,
#1C1CIC1C,#lC1CCC,#3ClC1ClC,#FOF8 ,#0 ,#0 ,#1010000
#3F1F010!,#71717179,#1F3F7971,#1010101 ,#0 ,#0 ,#0
#COCOOOOO,#FEFCCOCO,#COCOCOCE,#FCFECECO,#COCOCOCO,#0 #0
#0 ,#1010100 ,#1010101 ,#7070101 ,#1010101 ,#3F1F0303,#1F3F7373,
#0 ,#0 ,#CECEFEFC,#COCOCOC0,#FOFOCOC0,#COCOCOCO,#80808080,
#1EBFF3CO,#0 ,#0 ,#38387070,#EOElClC ,#1030707 ,#1011F1F ,
#1011F1F ,#101 ,#0 ,#0 ,#EOE0707 ,#38381CIC,#COE07070,
#COCOFCFC,#COCOFCFC,#COCO ,#0 ,#0 ,#38383F3F,#38383838,
#3F3F3838,#3B-?838,#3838383B,#3838 ,#0 ,#0 ,#IC3CF8F0,
#lCIC1C1C,#FOF83C!C,#F8EOEOOO,#EOEOEOF8,#7CFC ,#0 ,#0
#0 ,#In'0000 ,#FOF0101 ,#3030303 ,#7070303 ,#67670707,#3E7F
#0 ,#E6E6FE7C,#COCOEOEO,#F8F8COCO,#80808080,#8080 ,#0
#0 ,#0 ,#3010000 ,#E07 ,#1F1F ,#1FOFOOOO,#3C38383C,
#F!F ,#0 ,#0 ,#80COE070,#0 ,#1C3CF8FO,#FCFClClC,
#1CIC1C1C,#FCFC ,#0 ,#0 ,#3010000 ,#E07 ,#1010FOF ,
#1010101 ,#1010101 ,#1F1F ,#0 ,#0 ,#80COE070,#0 ,
#COCOCOCO,#COCOCOCO,#COCOCOCO,#FCFC ,#0 ,#0 ,#3010000 ,
#E07 ,#383ClFOF,#38383838,#3C383838,#FlF ,#0 ,#0
#80COE070,#0 ,#1C3CF8FO,#1ClClClC,#3ClClClC,#FOF8 ,#0
#0 ,#3010000 ,#E07 ,#38383838,#38383838,#3C383838,#FlF
#0 #0 ,#80COE070,#0 ,,#C1C1C,#1clclCI c,#IcIcIcIc,
#FCFC ,#0 ,#0 ,#38391FOE,#0 ,#38383F3F,#38383838,
#38383838,#3838 ,#0 ,#0 ,#EOF03838,#0 ,#1C3CF8FO,
#1C1C1C1C,#1C1C1C1C,#1C1C ,#0 ,#0 ,#38391FOE,#3C380000,
#3F3F3E3E,#39393B3B,#38383838,#3838 ,#0 ,#0 ,#EOF03838,
#1CIC0000,#1CIC1C!C,#DCDC9C9C,#7C7CFCFC,#1C3C ,#0 ,#0
#0 ,#0 ,#1F1F ,#1FOFOOOO,#3C38383C,#FlF ,#3F3F
#0 ,#0 ,#0 ,#IC3CF8FO,#FCFClClC,#1ClClClC,#FCFC
#FCFC ,#0 ,#0 ,#0 ,#383C1FOF,#38383838,#3C383838,
#F1F ,#3F3F ,#0 ,#0 ,#0 ,#1C3CF8FO,#1ClClClC,
#3CICICIC,#FOF8 ,#FCFC ,#0 ,#3070703 ,#3030000 ,#7070303 ,
#1C1COEOE,#3C383838,#F1F ,#0 ,#0 ,#80COC080,#80800000,
#8080 ,#0 ,#3ClCOOOO,#FOF8 ,#0 ,#0 ,#0
#0 ,#38383F3F,#3838 ,#0 ,#0 ,#0 ,#0
#0 ,#0 ,#FCFC ,#0 #0 ,#0 #0
#0 ,#0 ,#0 ,#3F3F ,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#1CICFCFC,#1ClC ,#0
#0 ,#0 ,#0 ,#C3C1COC ,#COCOCOC ,#1013E3E ,#7070303
#1C!COEOE,#3838 ,#0 ,#0 ,#1ClCOEOE,#70703838,#COCOEOEO,

#606BEBC ,#3030180C,#3E3E ,#0 ,#0 ,#C3C1COC ,#COCOCOC ,
#1013E3E ,#7070303 ,#lClCOEOE,#3838 ,#0 ,#0 ,#1C1COEOE,
#70703838,#COCOEOEO,#36369E8E,#FFFF6666,#606 ,#0 ,#0
#70FOF07 ,#7070000 ,#F070707 ,#FOFOFOF ,#FOFOFOF ,#70F ,#0
#0 ,#808000 ,#0 ,#80000000,#80808080,#80808080,#80
#0 ,#0 ,#0 ,#7070303 ,#1C1COEOE,#1C1C3939,#7070EOE
#303 ,#0 ,#0 ,#0 ,#38389C9C,#EOE07070,#EOEOCOCO,
38387070,#9C9C ,#0 ,#0 ,40 ,#1C1C3939,#7070ECE ,

47070303 ,#1ClCCECE,#3939 1#0 ,#0 ,#0 ,#EOEOC0CO,
#38387070,#38389C9C,#EOE07070,#C0C0 ,#0 ,#22880000,422882288,
#22882288, #22882288, #22882288, #22882288,# 22882288, #22882288, #22882233,
*22882288, *22882288, *22882288, #22332288, #22832288, #22882288, #22832288,
#AA552288, #AA55AA55, #AA55AA55, #A?.55AA55, AA55AA55,#AA55AA55,#AA55AA55,

140



Final Report

#AA55AA55, #AA55AA55, #AA55AA55, #AA55AA55, #AA55AA55, #AA55AA55, #AA55AA55, 3
#AA55AA55, #AA55AA55, #DD77AA55, #DD77DD77, #DD77DD77, #DD77DD77, #DD77DD77,
#DD77DD77,#DD77DD77,#DD77DD77,#DD77DD77,#DD77DD77,#DD77DD77,#DD77DD77,
#DD77DD77,#DD77DD77,#DD77DD77,#DD77DD77,#101DD77 ,#1010101 ,#10101 ,
#1010101 ,#1010101 ,#1010101 ,#1010101 #10101o ,#COCOO1O1,#n(COCC,
#COCOCOCO,#COCOCOC0,#COCOCOCO,#COCOCOCO,#COCOCOCO,#COCOCOC I1, . ,
#1010101 ,#I010101 ,#I010101 ,#101FFFF ,#i010101 ,#101010i ,'.i-6010 ,
#COC00101,#COCOCOC0,#COCOCOC0,#COCOCOC0,#COCOCOC0,#COCOCOC0,#COCOCOC0,

#COCOCOCO,#101COCO ,#1010101 ,#1010101 ,#FFFF0101,#FFFFO101,#1010101 , I
#1010101 ,#1010101 ,#CoC0o101,#COCoCoC0,#COCOCOC0,#COCOCOC0,#COCOCOC,
#COCOCOCO,#COCOCOCO,#COCOCOCO,4707COC0 ,#7070707 ,#7070707 . '7?.0707 ,
#707FFFF ,#7070707 ,#7070707 ,#7070707 ,#38380707,#38 , , 8,#38383838,
#38383838,#38383838,#38383838,#38383838,#38383838,#3838 ,#0
#0 ,#0 ,#707FFFF ,#7070707 ,#7070707 ,#7070707 ,#707 f

#0 ,#0 ,#0 ,#3838F8F8,#38383838,#38383838,#38383838,
#3838 ,#0 #0 ,#FFFFOOOO,#FFFF0101,#1010101 ,#1010101
#1010101 ,#101 ,#0 #0 ,#COCCOOOO,#COCOCOCO,#C0C0CO0, U
#COCOCOCO,#COCOCOCO,#707COC0 ,#7070707 ,#7070707 ,#FFFF0707,#FFFFOO0O,

#7070707 ,#7070707 ,#7070707 ,#38380707,#38383838,#38383838,#38383838,
#38383838,#38383838,#38383838,#38383838,#7073838 ,#7070707 ,#7070707 ,
#7070707 ,#7070707 ,#7070707 ,#7070707 ,#7070707 ,#38380707,#38383838, U
#38383838,#38383838,#38383838,#38383838,#38383838,#38383838,#3838

#0 ,#0 ,#FFFFOOOO,#FFFFOOOO,#7070707 ,#7070707 ,#7070707
#707 ,#0 ,#0 ,#F8F80000,#38383838,#38383838,#38383838,
#38383838,#7073838 ,#7070707 ,#7070707 ,#FFFF0707,#FFFFOOOO,#0 I
#0 ,#0 ,#38380000,438383838,#38383838,#38383838,#F8F83838,
#0 ,#0 ,#0 ,#7070000 ,#7070707 ,#7070707 ,#7070707 f
#FFFF ,#0 ,#0 ,#0 ,#38380000,#38383838,#38383838,
#38383838,#F8F8 ,#0 ,#0 ,#0 ,#1010000 ,1010101 , I
#1010101 ,#FFFF0101,#FFFF0101,#0 ,#0 ,#0 ,#COCO0000,

#COCOCOCO,#COCOCOCO,#COCOCOCO,#COCOCOCO,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#101FFFF ,#1010101 ,#1010101
#1010101 ,#101 ,#0 ,#o ,#0 ,#COCOCOCO,#COCOCOCO,
#COCOCOCO,#COCOCOCO,#101COCO ,#1010101 ,#1010101 ,#1010101 ,#101
#0 ,#0 ,#0 ,#cOc00000,#cOc0coc0,#cOcOcO0c,#cOccOcO0,
#FFFF ,#0 ,#0 ,#0 ,#1010000 ,#1010101 ,#1010101 ,
#1010101 ,#FFFF ,#0 ,#0 ,#0 ,#C0C0O000,#C0C0C0C0,
#COCOCOCO,#COCOCOCO,#FFFF ,#0 ,#0 ,#0 ,#0 ,

#0 ,#0 ,#0 ,#01FFFF ,#1010101 ,#1010101 ,#1010101 ,
#101 ,#0 ,#0 ,#0 ,#COCOFFFF,#COCOCOCO,#COCOCOCO,
#COCOCOCO,#101COCO ,#1010101 ,#1010101 ,#1010101 ,#1010101 ,#1010101 , I
#1010101 ,#1010101 ,#COC00101,#COCOCOCO,#COCOCOCO,#COCOCOCO,#COCOFFFF,
#c0c0C0c0,#cOcO0cc0,#cO0ccOc0,#c0c0 ,#0 ,#0 1#0 f
#FFFF ,#0 ,#0 ,#0 ,#0 ,#0 ,#0
#0 ,#FFFF ,#0 ,#0 ,#0 ,#1010000 ,#1010101 , I
#1010101 ,#1010101 #101FFFF 1#1010101 ,#1010101 ,#1010101 ,#COC00101,

#COCOCOCO,#COCOCOCO, #COCOCOCO,#COCOFFFF,#COCOCOCO,#COCOCOCO,#COCOCOC0,
#101COCO ,#1010101 #1010101 ,#!010101 ,#1010101 ,#1010101 ,#1010101 ,
#1010101 ,#C0C00101,#COCOCOCO,#COCOCOCO,#FFFFCOCO,#FFFFCOCO,#COCOCOCO,
#COCOCC0, #COCOCOCO, #707COC0 ,#7070707 ,#7070707 ,#7070707 ,#7070707

47070707 ,#7070707 #7070707 ,#38380707,#38383838,#38383838,#38383838,
#38383F3F,#38383838,#38383838,#38383838,#7073838 ,#7070707 ,#7070707
#7070707 #7070707 #0 ,#0 ,#0 ,#38380000,#38383833,
#38383838,#3F3F3838,#FFFFOOOO,#0 ,#0 ,#0 ,#0

#0 ,#0 ,#7070000 ,#7070707 ,#7070707 ,#7070707 ,#7070707

#707 ,#c ,#0 ,#FFFF0000,#3F3F0000,#38383838,#38383838,
#38383833,#7073838 ,#7070707 ,#7070707 ,4FFFF0707,#FFFFOOOO,#0 I
#0 #0 ,#38380000,#38383838,#38383838,#3F3F3838,#FFFF0000,
#0 #,0 f 40 ,#0 #0 , FFFFC- ,

#FFFF0OOO,#7070707 ,#7070707 #7070707 ,#707 ,#0 ,40
#FFF0000, #3F3F000, 38383838, #33Q,3833,#38383838, #7073383 ,47C70707
47073707 #7070707 ,#707(707 ,#7070707 ,#7070707 ,#7070707 ,#38380707,

439383 #38838,#3F3F383, #3F3F000,3383838, #3.33838,38383833,
3q3 , 0 ,4 0 , #FFF FOOCO, FFFF00b, # , #0 .



Final Report

#0 , 0 # #0 ,#0 I FF '00 0, #FFFFOOOO, 00
# 0 No0 #7070000 ,#70707(07 -, #0-0 7 07 #, #FFO 7O07, # F'&F00 0 0
# 7070 7 07 #70707 , Ol#'I07l07,07* ,#38380' 77, #3883 38 #383838381 1, 013FF3 I
#3F3F0000,#38383838,#38383838,#38383838,01013838 ,#1010101 ,#1010101I#FFFFO1Ol, #F1FF0000O, #0 ,#0 ,#0 ,#COC00000), #COCOCoC-O,
#COCOCOCO, #FFF'FCOCO, #[-FFFOO, #0 #0 ,#0 #7070000
#70710707 , #-7 O00707' , #7(*00707 , # ITHF , #0 , #0 , #0
#38380000, #38383838, #38383838, #38383838, #V-FFF ,#0 ,#0
#0 ,#0 'No ,#0 ,#F'FFFOOOO, #FFE'FO000, #1010101
#'010101 ,#10 100l ,#101 ,#0 ,#0 #FTFFFOOOO, #FFFFO0OO,

#7 071FFFF #7(070707 , #70707107 , #7070707 , #7107 , 0 o #I#0 ,#3838FFFF, #38383838, #38383838, #38383838, #7073838 V 70'7 O07
#71070707 , #707070-7 f #7071 , #0 , #0 , #0 ,#38380000,

#383813838, #383833, #3383381, #FFFF ,#0 1#0, #0
#1010000 ,#1010)101 Nl1010101 ,#1010101 ,#10101o1 ,#0 NI #0 ,#COCOOOOO, #cCOCOCO, #CO(,OCOCO, #FF'FCOCO, #F,!'FCO'0,00
#o ,#0 ,#0 ,#0 ,#0 #101000)0 ,#1010101l
#1010101 ,#10!0101 ,#1010101 ,#101 ,#0 #0 ,#FFFFO0o,

OFFFWECOC0, #C0JO(OCOC-O, #COCOCOCO, #c-OCO-or-o, #COCO , N0 , 00I#0 ,#7070707 ,#-70707107 f #7070707 ,#7i070707 , #707 ,#0
#0 , #0 , # 383 8 FFF #38383838f #38383838, #38383838, #7107138 38
#V070-707 ,#7070707 ,#7070707 , #707FF'FF #-7070707 ,#70-7070-1 4-70-10-70-17
#38380707, #38383838, #38383838, #38383838, #3838F'FFF, #38383838, #38383838,I #38383838f#1013838 f#1010101 ,#1010101 #F'FFO0101,#IFFF0IOI,#101O11 ,
#1010101 ,#1010101 ,#COCOO00101, #COCOCOCO, #COCOCOCO, #FFFFCOCO, #.'FF'(-O.0,
#C-OCOC-OCO, #,OCO(COco, #cOOc(O, #1OlCOC'O ,#1010101 , #1010101 , #L010101

#0F F , # 0 , # 0 ,( #COCOOOOO, #COCOCOCO, #coOcOCOCO),I#cocococo, #C-OCO ,# 0 ,# 0 0 , #0 ,#o
#0) ,00, #'Oool ,#1()10101. #1010101 , #1010101 , #101 r
#0 , #0 , # 0 , #COCOFFFF, #COCOCOCO, #COCOCOCO, #CO-OC-OC-O f
0 FFFFCOCO, # F'F~FF 1F2 , # ~FF~F F, 4 FF F FFF, # FF FF F F, #FFFFFFFF, #FFFFFF 11.,I F # Fi1FFI'F FF, #L*1FFFF'T, #FFFFF, #F F FFF FF F, #FFFFF'FFF, #F F F FF F'Ff
#FFFFF'FF'F, # FF F W F, # FFFF , #0( , # 0 , #0 f #FFFFOOOO,
#4'FFFFF, # F FfFF F FF, #FF'FFFFF'F, # FTF F , # 0 # #0 , # 0
#Fi~FP000, #PF FFF , # FFTF FF2 F, #F1FFFFFFF, #FFFFFFF, N F FFF. .F F-F #F FF FF [..v v
#4'F F -1F I, PV NF vFI.'FI- .'T, # F FF F FF, #F FiF F , # F FFFF F , #FFFF' , # 0
#0 ,#0 ,#0 #0 ,#0 ,#0 ,#0

#0 ,#0 ,#o #0 ,#0 ,#0 ,#0
# FFF F 00 0 0, #F'F P, %FTF ' iFFF, # FFF FFF Ff #FFFFFFTF, # F F'?F F FT , # FF FFFF. v,
# FF FFF, # FF FFFF, #FFFFFFFF, #FFFFPFF, #FFFFFFFF, # EFP , # 0f
40 , # 0 , FFF'0000C, #FFFFFF, # F F FFFF #FFFF FF F, OEFF f
#0 #0 , #0( , #0 # #0 , # 0 # #707-83 F1IP,
0707107071, #79707070, #IF3F , #0 o #0 N #0 # #0
UI78 FCCE-8'7 f #38383838, #FC783838, #CU ,# E. #0 NfN # 7 (,7 0707
# E8E(0I: )70o7 , . (HE)L. m1)E , 1 (-- 1 (2 I C t (, # 3 F31 C fC #38383838, #3838 , 4#0

#N2121-81 0, 4 7 f)1I CI # 38 380, 1 0 , #1211C l- , # F0FO7 8 3(, #40 f
#8 -, #3331i F3383,8 H, 0 -,"1 , , # 13 83 8 38, #-18 3,38, H #38384 0-

#0 ,#o # rCC F, r-, ' , #0,#

4~~~ ~~ o882C,(3 #4 ,4)() ,0 ,#334o ~ .
#0/88 #1: o 7084()1 4) # #0 , #ICLIC31 31 , 1 78813

01# 0 , p7883 , 4 o:8.8 #1 ,# ,0 , 3 d1C1'
#7f8 ; 3 H, # E (F: 00 #0 , #r)2 08 , '1212 , 0

#8 ,#o ,- #0 I f#I.: 01) I.: Y, #31o 83#3,0/38388,413 F

#18 18 , #81 8181(10, 4 83F7I:F, #8 70- 1 ,# 18 ,#70070787 I F3Y/F/#()

4# # P' 11 Fi r #4 ,4 F4' ,0,4

4( 40 4',,'



Final Report

#0 , #0 ,#IC3CF8FO,#1ClClClC,#FCFClClC,#lClClClC,#3ClClClC, 3
#FOF8 ,#0 ,#0 ,#383ClFOF,#38383838,#38383838,#38383838,
#EOE1C1C ,#3E3E ,#0 ,#0 ,#1C3CF8FO,#1CIC1C1C,#1C1C1C1C,
#1C1C1C1C,#70703838,#7C7C ,#0 ,#0 ,#3030100 ,#101
#383ClFOF,#38383838,#3C383838,#FIF ,#0 ,#0 ,# :C8CFBFO, U
#EOEOCOCO,#1C3CF8FO,#1CIC1CIC,#3CIC1C1C,#FOF8 ,#0 #0

#0 ,#0 ,#71733F1E,#1E3F7371,#0 ,#0 ,#0 f
#0 #0 ,#0 ,#C7E77E3C,#3C7EE7C7,#0 ,#0 ,
#0 ,#0 ,#0 ,#F070000 ,#1C1C1C1C,#1D1D1D1D,#303070F ,
#303 ,#0 ,#0 ,#60600000,#F8F06060,#DCDCDCDC,#9C9C9C9C,
#FOF8 ,#0 ,#0 ,#0 ,#EOF0703 ,#38381C1C,43F3F3838,
#38383838,#FOEICIC ,#307 ,#0 ,#0 ,#FCFC ,#0 f
#FCFCOOOO,#0 ,#0 ,#FCFC ,#0 ,#0 ,#383ClFOF,
#38383838,#38383838,#38383838,#38383838,#3838 ,#0 ,#0
#1C3CF8F0,#1CICICIC,#1CICICIC,#1CICICIC,#1CICICIC,#1CC ,#0 ,
#0 ,#0 ,#0 ,#3F3F ,#3F3F ,#3F3F ,#0 f
#0 ,#0 ,#0 ,#0 ,#FCFC ,#FCFC ,#FCFC i
#0 ,#0 ,#0 ,#0 ,#3030000 ,#3F3F0303,#3030303
#3F3F0000,#0 ,#0 ,#0 ,#0 ,#80800000,#F8F88080,
#80808080,#F8F80000,#0 ,#0 ,#0 ,#0 ,#3030707
#101 ,#0 ,#3030101 ,#707 ,#1F1F ,#0 ,#0 , I
#80800000,#EOEOCOCO,#EOE07070,#8080COC0,#0 ,#FOFO ,#0
#0 ,#1010000 ,#7070303 ,#7070EOE ,#1010303 ,#0 ,#FOF
#0 ,#0 ,#COCOEOEO,#8080 ,#0 ,#COC08080,#EOEO
#FOFO ,#0 ,#0 ,#0 ,#0 ,#0 1#0 ,
#1010000 ,#1010101 ,#101 ,#0 ,#EOE6FE7C,#EOEOEOEO,#EOEOEOEO,
#EOEOEOEO,#COCOEOEO,#COCOCOCO,#101COC0 ,#1010101 ,#3030101 ,#3030303 ,
#3030303 ,#3030303 ,#1F3F3303,#0 ,#COCOOOOO,#COCOCOCO,#8080COC0,
#80808080,#80808080,#80808080,#808080 ,#0 ,#0 ,#0 ,
#3070703 ,#3F3F0000,#7030000 ,#307 ,#0 ,#0 ,#0
#0 ,#80COC080,#F8F80000,#C0800000,#80C0 ,#0 ,#0
#0 ,#0 ,#1FOFOOOO,#3839 ,#38391FOF,#0 ,#0 I
#0 ,#0 ,#0 ,#qCICOGOc,#FOF8 ,#FOF89ClC,#O I I#0 ,#0 ,#0 ,#EOE0703 ,#3070EOE ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#3838FOE0,#EOF03838,#0 ,
#0 ,#0 ,#0 ,#0 ,#0 ,#7070300 ,#30707 ,
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#EOEOCO0O, I
#COEOE0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#0
#0 ,#3000000 ,#7070707 ,#3 ,#0 ,#0 ,#0
#0 ,#0 ,#COOOOOOO,#EOEOEOEO,#CO ,#0 ,#0 ,
#0 ,#0 ,#0 ,#0 ,#0 ,#1CC7878,#7070EOE , B
#1010303 ,#0 ,#7F7F0000,#70707070,#70707070,#70707070,#70707070,
#70707070,#FOFOFOFO,#7070FOF0,#0 ,#6060707 ,#6060606 ,#606 r
#0 ,#0 ,#0 ,#0 ,#0 ,#6060C080,#60606060,
#6060 ,#0 ,#0 ,#0 ,#0 ,#0 ,#707 I
#6060301 ,#707 ,#0 ,#0 ,#0 ,#0 ,#0
#6060EOCO,#80C0 ,#EOEO ,#0 ,#0 ,#0 ,#0
#0 ,#0 ,#7070000 ,#7070707 ,#7070707 ,#0 ,#0
#0 ,#0 ,#0 ,#EOEOOOOO,#EOEOEOEO,#EOEOEOEO,#0 f
#0 ,#0 ,#0 ,#383ClFOF,#77777370,#77777777,#77777777,

#3C387073,#FIF ,#0 #0 ,#ElEFCF8 ,#37F7E707,#7070737
#F7373707,#IEOE07E7,#F8FC 1#0 ,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#0
#0 ,#0 ,#0 ,#0 ,#0 ,#0 ,#1AlAOOOO]:



Final Report

6.2.3. Make files
LIBRARIAN=ilibr
OCCAM=occam
LINJK=ilink
CONFIG~iconf
ADDBOOT=ibootU LIBOPT=
OCCOPT=/a
LINKOPT=
CONFOPT=

BOOTOPT=

seeker.btl: seeker.pgm controll.t~h guidance.tllh xbar.t2h gtsei. t2h\
backqrou.t8h targetle.t8h target.t8h spcontro.t8h sp.t4hI fistbut~hsecondbu.t8h formatte.t8h imagedis.c8h trackdiis.c8h b4O9stub.c.,'

hostseek .c8hU S(CONFIG) seeker /o seeker.btl $(CONFOPT)

HostSeek.c8h: HostSeek.18h HostSeek.t8h
$(LINK) /f HostSeek.18h /o HostSeek.c8h $(LINKOPT)

HostSeek.t8h: HostSeek.occ s header.inc c:\itools\libs\hostio.inc\
c:\itools\libs\hostio.lib c:\itools\libs\hostio.liu \
c:\itools\llbs\convert.lib gif.c8h Ioader.c8h runseekr.c8h

$(OCCAM) HostSeek /t8 /h /o HostSeek.t8h S(OCCOPT)

gif.c8h: q~if.18h gif.t8h3 $(LINK) /f gif.18h /o giff.c8h $(LINKOPT)

gif.t8h: gif.occ c:\itools\libs\hostio.inc c:\itools\libs\hostio.lib

c:\ltools\libs\hostlo.liu c:\ltools\libs\convert.lib
$(OCCAM) gif /t8 /h /o gif.t8h $(OCCOPT)

loader.c8h: loader.18h loader.t8h3 $(LINK) /f loauer.18h /o loader.c8h $(T,INKOPT)

loader.t8h: loader.occ s heacier.inc c:\itools\iibs\hostio~incN
c:\itools\libs\hostio.lib c:\i-tools\libs\hostio.liu\
c: \itools\li4bs\convert .lib

$(OCCAM) loader /t8 /h /o iLoader.t8h $(OCCOPT)

runseekr.cgh: runseekr.l8h runseekr.t8h
" (LINK) /f runseekr.'Sh /o runseekr.cgh S(LD4KOPT)

runseekr.t~h: runseekr.occ s header.inc c:\itools\libs\hosti;o.inc
c:\itools\\libs\hostio.1ib c:\itoo-1s'1ibs\hostlo.li4U
c:\itools\libs\convert.1ibI S(CCCAM) runseekr /t8 /h /o runseekr.t8h $(OCCOPT)

cortroll.t~h: controll.occ s header 4 nc3 $(OCCAM) controil /t8 /h /0 concroll.t8h $(OCCOPT)

gjuidance.t~h: guidance.occ s header.inc
tlflAM g-:idance ,' 3 /h /o quiaance.t~h $CC'

3xbar.22h: xbar.occ s header .U.C
~ (CCA) x~ar/~2,'~ ' xbar.t>h $(3CCOPT)

3 se; gTh stei:. a -
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$(OCCAM) gtsei /t2 /h /o gtsei.t2h $(OCCOPT)3

backgrou.t8h: backgrou.occ s header.inc
$(OCCAM) backgrou /t8 /h /o backgrou.t8h $(OCCOPT)

targetle.t8h: targetle.occ s-header.inc
$(OCCAM) targetle /t8 /h /o targetle.t8h $(OCCOPT)

target.t8h: target.occ s heacier.incI
$(OCCAM) target /t8 /h /o target.t8h S(OCCOPT)

spcontro .t8h: spcontro.occ s header.inc
S(OCCAM) spcontro /t8 /h /o spcontro.t8h $(OCCOPT)I

sp.t4h: sp.occ s-header.inc
$(OCCAN) sp /t4 /h /o sp.t4h $(OCCOPT)3

firstbuf.t8h: firstbuf.occ
$(OCCAM) firstbuf /t8 /h /o firstbuf.t8h $(OCCOPT)

secondbu .t8h: secondibu .0CC1
$(OCCAM) secondbu /t8 /h /o secondbu.t8h $(OCCOPT)

forinatte.t8h: forinatte.occ

$(OCCAM) formatte /t8 /h /o formatte.t8h $(OCCOPT)I

imagedis .c8h: imagedis .18h imagedis .t8h
$(LINK) /f imagedis.18h /o irnagecis.c8h $(LINKOPT)3

imagedis .t8h: imagedis .0CC crtc.inc gheader. inc
C: \itools\iibs\convert . ib \

graphics.lib s header.inc

$(OCCAM) imagedis /t8 /h /o imagedis.t8h $(OCCOPT)

graphics.lib: graphics.lbb b409.t2h g_1ine.t8h gsystem.t8h
gtext .t8h

$(LIBRARIAN) /f graphics.lbb /o graphics.lib $(LIBOPT)

b409.t2h: b409.occ crtc.inc
$(OCCAM) b409 /t2 /h /o b409.t2h $(OCCOPT)3

gline.t8h: g_line.occ g header.inc
$(OCCAM) gl1ine /t8 /h /o gline.t8h S(OCCOPT)

gsystem.t8h: gsystem.occ crtc.inc g_header.iic3
$(OCCAM) g-system /t8 /h /o gsystem.t8h $(OCCOPT)

gtext.t8h: g_text.occ g header.inc

$(OCCAM) gtext /t8 /h /o gtext.t8h $(OCCOPT)I

trackdis.c8h: trackclis.18h trackdis.t8h
$(LINK) /f trackdis.18h /o trackdis.c8h $(LINKOPT)3

trackdis.t8h: trackdis.occ s -header.inc gheaier.inc crtc.inc\
c:\itools\libs\convert.1ib graphics.lib sys6.inc

$(OCCAM) trackdis /t8 /h /o trackdis.t8h $(OCCOPT)3

b4O9F.ub.c2h: b4O9stub.12h b4O9stub.t2h
$ (LTNK) If b4C93! ,b.12!-i ': b40Q-stub.c2h $(LINKOPT)

b4O9stub.t2h: b4O9stub.occ crto. inc graphics.Ii4b3
S(CCCAM) b4C9st,_b /t2 /h /'o b4O9stub.t.'h $(CC--OPT)

'5U
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I LIBRARIAN=ilibr
OCCAM=occam
LINK~ilink
CONFIG=iconfI ADDBOOT=iboot
LIBOPT=
OCCOP T=
LINKOPT=
CONFOPT=
BOOTOPT=

hostseek.c8h: hostseek.18h hostseek.t8hI$(LINK) /f hostseek.18h /o hostseek-c8h $(LINKOPT)
hostseek.t~h: hostseek.occ s header.inc c:\itools11ibs~hostio.inc I

c:\itools\1ibs\hostio.1ib c:\itools\iibs\hostio.iiu\I~c: \itools\1ibs\convert.jib

S(OCCAM) hostseek /t8 /h Io hostseek.t8h $(OCCOPT)

I~
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LIBRARIAN=ilibr
OCCAM=occam
LINK=ilinfk
CQNFIG=iconf
ADDBOOT=ibootI
LIBOPT=
OCCOPT=
LINKQPT=
CONFOPT=U

graphics.lib: graphics.lbb b409.t2h gline.t8h g-systen.t8h
gtext .t8hI

$(LIBRARIAN) /f graphics.lbb /o graphics.lib $(LIBOPT)

b409.t2h: b409.occ crtc.inc
$(OCCAM) b409 /t2 /h /o b409.t2h $(OCCOPT)3

giline.t8h: g line.occ g_heacer.inc
$(OCCAM) gline /t8 /h /o gline.t8h $(OCCOPT)

g-system.t8h: g-system.occ crtc.inc g_header.inc
$(OCCAM) g-system /t8 /h /o gsystem.t8h $(OCCOPT)

gtext.t8h: g_text.occ g_header.inc3
$(OCCAM) g text /t8 /h /o g text.t8h $(OCCOPT)
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3 LIBRARIAN=iibr
OCCAM=occam
LINK=ilink
CONFIG~iconfI ADDBOOT=iboot
LIBOPT=
OCCOPT=
LINKOPT=
CONFOPT=
BOOTOPT=

test.b8h: test.c8hI S(ADDBOOT) test.c8h /o test.b8h $(BOOTOPT)

test.c8h: test.18h test.t8h3 $(LINK) /f test.18h /o test.c8h $(LINKOPT)

c:\itools\libs\hostio.1iu c:\itools\1ibs\convert.1libU $(OCCAM) test /t8 /h /o test.t8h $(OCCOPT)

1I
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6.2.4. Link command files

-- version 2.80, 28th April 1989

-linker command file "gif.18h"

gif.t8hI

convert .lib
occam8h. lib
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Version 2.80, 28th April 1989

I -- linker command file "gifO2.18h"

gif02 .t8h
hostlo .lib
convert lib

occam8h lib
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-Version 2.80, 28th April 1989

-linker command file "lb,09stub.l2h"

b409stub t2h
graphics. lib
occam2h. lib3
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-Version 2.80, 28th April 1989

-linker command file "HostSeek.l8hlv

HostSeek .t8h
=gif02.t8h
=loader.t8h
=runseekr.t8h
hostio. lib
convert .lib
gif02 .c8h
loader. c8h
runseekr .c8h
occam8h. lib
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-Version 2.80, 28th April 19893

-linker command file "test.18h"

test. t8h
hostio .lib
convert .lib

occam8h. lib

153
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-Version 2.80, 28th April 1989

-linker command file "trackdis.l8h"

trackdis .t8h
convert .lib
graphics. lib
occam8h.1lib

154
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-Version 2.80, 28th April 1989

-linker command file "imagedis.18h"

imagedis .t8h
convert .lib
graphics. lib

occam8h. lib



FInal Report

-Version 2.80, 28th April 1989

3 linker command file "loader.18h'

loader. t8h
host10. lib3 convert:Iib

ocaI~i
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-Version 2.80, 28th April 19891

-linker command file "runseekr.18h"

runseekr .t8h
hostio. lib
convert. lib

occam8h. lib3
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6.2.5. Motherboard C004 Configuration
bO

Connect to VAX

Foreground ConnectionsIl bc23 t eG
c22 t e4

b 2Ic23 t eO
c22 t e4

b3c23 t eO
c22 t e4I c~ tb4

c23 t eG

c22 t e4
b5c23 t e4

c2'2 t e4
b6G

c23 t eQ
c22 t e4

b7
c23 t eQ
c22 t e4

b83Ic23 t eQ
c22 t e4

b 9 c24 t
c22 t e4

c23 t eQ

c23 t eQIc22 t e4
b12

b131

b'4

c2Ite
c2Ie
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si 0 t s15 3.

sl 3 t eO

b19
Second Graphics Buffer

c23 t e0
sl 3 t el
s2 3 t e6
s3 3 t e7 U
s4 3 t e8

s5 3 t e9
s6 3 t e12
s7 3 t e15 1
s8 3 t e27
s9 3 t e26 -

slO 3 t e25 U
sll 3 t e24
s12 3 t e23
s13 3 t e22

s14 3 t el 9
s14 3 t e16

c22 t e2
sl 0 t e3 I
s2 0 t e4
s3 0 t e5
s4 0 t elO
s5 0 t ell U
s6 0 t e13

s7 0 t e14

s8 0 t e31 i
s9 0 t e30
sl0 0 t e29
sll 0 t e28
s12 0 t e21 I
s13 0 t e20
s14 0 t el8
s15 0 t el.7

b20
Signal Processing

c23 t e0
s 3 t el I
s2 3 t e6
s3 3 t e7
s4 3 t e8
s5 3 t e9.
s6 3 t e92
s7 3 t e15
s8 3 t el6
s9 3 t e19 . I
sl 3 t e22
sli 3 t e23
s12 3 t e24
s13 3 t e25 I
s14 3 t e26
s3s, 3 e27

c92 e2

. t e4
3 e5 3

I5§) 3
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s4 0 t el0
s5 0 t ell
s6 0 t el3
s7 0 t e14
s8 0 t el7
s9 0 t e18
slO 0 t e20
sll 0 t e21
s12 0 t e28
s13 0 t e29
s14 0 t e30
s15 0 t e31

b2l
First Graphics Buffer

c23 t eO
sl 3 t el
s2 3 t e6
s3 3 t e7
s4 3 t e8
s5 3 t e9
s6 3 t e12
s7 3 t e15

s8 3 t e27
s9 3 t e26
slO 3 t e25
sll 3 t e24
s12 3 t e23
s13 3 t e22
s14 3 t e19
s15 3 t e16

c22 t e2
sl 0 t e3
s2 0 t e4
s3 0 t e5
s4 0 t elO
s5 0 t ell
s6 0 t e13
s7 0 t e14

s8 0 t e31
s9 0 t e30
slO 0 t e29
sll 0 t e28
s12 0 t e21
s13 0 t e20
s14 0 t e18
s15 0 t e17

b22
Second Background Set

c23 t e16
sl 3 t e19
s2 3 t e22
s3 3 t e23
s8 3 t e24
s9 3 t e25
slO 3 t e26
sil 3 t e27

c22 t e17
sl 0 t el8

I fIll'
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s2 0 t e20
s3 0 t e21
s8 0 t e28
s9 0 t e29
slo 0 t e30I

b2 3
First Background SetI

si 3 t el
s2 3 t e6
s3 3 t e7 I
s9 3 t e9
slo 3 t e12
si 3 t e15

c22 t e2
sl 0 t e3
s2 0 t e4I

s8 0 t elO
s9 0 t eli
slO 0 t e13I

b24
ControllerU

c23 t e0
si 0 t e3
sl 3 t elU

s2 0 t e4

'01U


